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ABSTRACT

This thesis investigates the possibility of employing computer spreadsheets as a
sophisticated tool to resolve resource allocation dilemmas through simulation techniques.
Microsoft’s Excel 4.0 is used to analyzed three separate and unique resource allocation
problems. First, an inventory distribution system involving different distribution points to
illustrate the magnification of uncertainty as the distribution system is lengthened. Second,
queuing utilization problem faced by an emergency room of a hospital. The third scenario
looks at the uncertainty in financial budgeting situation as reflected in the Navy’s
CHAMPUS budget. A spreadsheet macro using simu!ation techniques is created for each
scenario to illustrate that computer spreadsheets are fully capable of analyzing resource

allocation enigmas through simulation methodology.
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L INTRODUCTION

Within the Department of Defense and business world, one facet of a manager’s
success is his/her skill at formulating an appropriate balance among the scarce resources at
his/her disposal. Sagacious allocation of limited resources are paramount to the success of
a manager. Multiple methods exist and are at the disposal of a manager for guiding
him/her to the most feasible solution. One of the instruments available to the manager for
resolving a resource allocation dilemma is simulation. Simulation is a methodo'2gy that
handles uncertainty and presents the manager with tke best possible solution among
several feasible alternatives. The most simplistic simulation model involves elementary
mathematical equations and events that can be formulated and solved by hand. However,
most applications of simulation in a real world setting are too complex for hand
calculations and thus require the implementation of digital computers with simulation
specific software. The simulation method that is appropriate for each predicament is a
function of the complexity of the problem and the time constraints faced by the decision
maker. Hand simulation is time consuming and often impossible to solve. Simulation
specific packages employing a Jdigital computer will solve a majority of problems.
Unfortunately, simulation oriented software is not as widely applied as it can be due its

prohibitive cost or technical skill needed to develop a simulation program.

A. PURPOSE

The purpose of this thesis is to confront resource allocation through simulation
methodology by using a conglomeration of simplistic and complex methods. Digital
computer spreadsheets, which are available to virtually every manager, can be applied to

perform simulation. A link between computer spreadsheets and simulation will allow a




broader application of simulation methodology by managers. This thesis will focus on the
methods for applying computer spreadsheet simulation for solving relatively complex
resource allocation predicaments. This study is structured to answer one primary
question: How applicable are off-the-shelf digital computer spreadsheets for resolving

resource allocation problems employing simulation methodology?

B. SCOPE

The focus of the study will be limited to discrete vice continuous simulation
techniques. The distinction between discrete and continuous systems is required because
of the entirely separate discipline existing concerning the study of continuous systems.
Models of continuous systems are an industrial process integrated over a period of time
resuiting in the mathematical formulas containing differential equations. Discrete systems
involve product industries that can be quantified into discrete avents thus requiring
simplistic mathematical equations. Problems requiring the application of differential
equations should be solved with simulation specific software. Thus, the analysis will be
conducted using the digital computer spreadsheet software Microsoft Excel 4.0 for
Windows. Excel 4.0 is currently the most powerful off-the-shelf spreadsheet software

available and is compatible with other available spreadsheet software

C. OVERVIEW

In order to comprehend the simulation method, simulation philosophy will be
introduced in Chapter II. The chapter will also describe how simulation can be used as a
resource allocation tool. Chapter III introduces terms, builds upon the simulation
philosophy, and develops the methodology required for construction of simulation models.
Throughout the chapter, simulation methodology as it pertains to computer spreadsheets

will be discussed in order to develop guidelines for building models. Chapters IV, V, and




VI will illustrate the previous chapter’s guidelines for computer spreadsheets. Thice
different scenarios will be modeled and analyzed using simulation. Chapter VII presents

the conclusions of the research.




H. SIMULATION AS A RESOURCE ALLOCATION DECISION TOOL

Simulation methodology is one of several tools available to the manager for
providing feasible solutions to the enigma of allocating scarce resources. Before
discussing the many benefits of analyzing resource allocation problems through simulation
techniques, one must first become familiar with the alternative methods that are available
and practiced by managers. When presented with a predicament concerning the

apportionment of assets, how does a manager arrive at a decision?

A. TOOLS FOR RESOURCE ALLOCATION

A significant number of the decisions made by manage:s when facing almost any
issue are founded upon his/her previous experience or intuition. A manager’s experience
accumulates throughout his/her career and can originate from many sources. The acumen
of professional consultants, professional literature, and successes or failures both he/she
and his’her competitors have encounter in the past are just a few of the sources of
experience. Decisions arrived at by intuition are more difficult to rationalize. However, a
decision based on a “gut feel” has been encountered by almost everyone. Recurrently, a
manager encounters a decision that he/she has no experience to reflect upon for a solution.
What methods are available to a manger if he/she has no previous experience or no desire
to commit resources solely upon intuition?

One method a manager has at his/her disposal if he/she does not have any experience
to reflect upon is to create a knowledge base for his/her decision. Knowledge is
developed by performing experiments on the actual system that he/she lacks knowledge
and observing the responsive behavior. The system that is modeled can be any set of

interdependent elements that function within an organization to meet specific goals, i e .




allocation of resources. Experiments consist of proposing and applying changes to
variables, policies, or scenarios that effect the system. The resultant consequences and
behavior of the system manipulation are analyzed and further changes are considered and
acted upon. Through these iterations of experiments, experience is developed and a final
decision or policy is settled upon.

This method, often called “trial and error,” has its drawbacks. Trial and error on the
actual system can be expensive, time consuming, and even detrimental. Thus, one can
rarely perform experiments in the business world. Even if the opportunity exists, if the
system does not yet exist, experimentation is not a feasible alternative. A manager must
apply other methods to develop experience.

Analytical techniques are another method for decision analysis and involve the
application of mathematical equations that have been derived by management scientists.
The system in question is studied and a mathematical model is constructed that represents
the interactions of the system and environment. The relevant equations are solved using
simultaneous equations and calculus techniques resulting in an optimal solution. An
optimal solution is the best solution among several feasible solutions. The manager can
then institute his/her decision or policy. However, a few caveats must be considered when
a manager chooses the analytical approach. First, the system may be amenable to a
mathematical model but deriving the solution may be beyond the capabilities of the
manager or his/her staff. Second, as a model more closely simulates reality, i.e., becomes
increasingly more complex and mathematical techniques becomes incapable of fully

describing the system. Thus, another tool is required to resolve these dilemmas.

B. SIMULATION FOR RESOURCE ALLOCATION
To solve analytical enigmas, the next alternative available to managers is the world

of simulation. Simulation methodology is the development of a mathematical model or a




series of models that describes the behavior of a system over time. Thus, simulation is
heavily dependent upon analytical techniques and offers a method of solving analytical
problems that are beyond the manager’s capabilities. Many other benefits exist with
simulation, but simulation is not an end in itself. It is a vehicle from which data for further
analysis is collected and conclusion drawn. It does not replace the experience and
intuition of the manager but instead it is an augmentation to the information available to a
manager.

The two preeminent advantages of simulation in comparison to previously discussed
methods are imitation of reality and reduced expense. Imitation of reality is a key concept
and an advantage of simulation because it allows a manager to observe the behavior of a
system as he/she induces change without agitating the real system. Thus, the difficulties
encountered with actual experimentation are mitigated. The manager can now observe
behavior of a simulated system and will be able to determine the system’s sensitivity to
changes in key variables, locate critical factors or problem areas, and evaluate the
effectiveness of his/her decisions. Thus, a manager can derive effective solution before the
actual implementation of an unproved policy or action. Also, during a simulation exercise,
he/she can control many features of a system that he/she would not usually control in a
real world setting. A manager can develop experience by relating known manipulation to
known results.

Concerning expense, simulation offers several economical benefits. By use of digital
computer simulation methods, a manager can evaluate alternative ways of meeting
objective in a fraction of the time that would normally be required for the long term effects
of a proposed decision to occur in time. Time is money and simulation methods allow the
manager to be in control of time. He/she can compress time so as not to wait for the

passage of time to produce results. Second, manipulation does not occur with an actual




system in which costly mistakes and pitfalls could occur. He/she can gain experience at
the expense of a simulation model vice the organization’s capital. Furthermore, if the
system is in the design stage and does not yet exist, simulation allows for cost benefit
analysis of hypothetical situations. The manger can derive an economical design founded
upon simulated results. Construction of a system need not be based upon an intuitive
guess or a faulty experience. Also, simulation produces data inexpensively which can be
used for further analysis.

Therefore, simulation is a viable and essential tool for approaching all but the most
simplistic of resource ailocation problems. Simulation methodology provides the manager
with the best of all feasible aiternatives without committing an organization’s capital.
Additional consideration must be given to the low cost associated with simulation. The

next section discusses how a manager applies simulation as a tool.

C. SIMULATION THROUGH COMPUTERS

Assuming the manger understands the benefits of simulation methodology, how
does he/she most effectively implement simulation techniques? Simulation can range from
very simplistic methods involving the development of a solution by hand to the most
complex that require the application of digital computers and simulation specific
languages, i.e., GPSS and SIMSCRIPT to name a couple. Unfortunately, for a majority
of managers, the hand technique becomes either too complex and time consuming or the
computer oriented method is too expensive and beyond the manager’s skills. Thus, he/she
must consult a simulation programming expert to solve his/her problems, if one is
available. Another approach would be the marriage of simple and complex techniques
through the application of off-the-shelf computer spreadsheets to solve all but the most

difficult simulation quandaries.




Digital computer spreadsheets were first introduced with the development of
Visicalc by Dan Bricklen and Bob Franston in 1979 [Ref. 1]. Visicalc did little more than
replace pencil and paper calculations with a computer. However, during the past decade,
computer oriented spreadsheets have grown exponentially in functionality and computing
power. Through spreadsheets, a manager has the ability to produce powerful simulation
models. All the manager needs is knowledge of simple spreadsheet procedures and an
understanding of basic principles of simulation methodology. Currently, the most popular
off-the-shelf spreadsheet software is Lotus 1-2-3, followed by Excel. Each provides
limited simulation ability by employing “what if” analysis. Thus, simple simulation is
available to anyone who owns a microcomputer and a spreadsheet package.

However, “what if” analysis is limited to a few variables and does not address time
or probabilistic issues that are essential criteria for simulation methods. These limitations
can be resolved through the purchase of inexpensive simulation “add-in” programs such as
Simulated Solution, (@RISK, or Crystal Ball, or by spreadsheet programming through
“macro” commands. Add-in programs are not widely available to most managers, but the
basic spreadsheet program is available to virtually all managers. Accordingly, Chapter I1I
will explore the applicability and development of computer spreadsheets for solving
moderately complex simulation problems using simulation methodology and spreadsheet
macros. In addition, guidelines for the development of computer spreadsheet simulation

models will be identified for application to other resource allocation problems.




1. SIMULATION METHODOLOGY

This chapter outlines the methodology entailed when developing and applying
simulation models and digital computer spreadsheets to resolve resource allocation
predicaments. The chapter will begin by summarizing relevant simulation oriented
terminology followed by a discussion of an effective strategy for a manager who embarks
upon the creation of a simulation model. When appropriate, concepts, suggestions, and
command specific to Excel 4.0 (adaptable to other off-the-shelf spreadsheets) will be

provided to assist a manager on his’her macro programming endeavors.

A. TERMINOLOGY
The following terms are employed throughout the course of this study and will be

defined here so as to avoid any confusion in terminology.

1.  System: The system is any set of interdependent elements that function within
an organization to meet specific goals. A system may have subsystems.

2.  Model: The model is an imitation of a system using formulas, logic statements,
etc., that when conglomerated represent how the system physically interacts
within reality.

3. Discrete: A discrete system has events that occur during a specific point in
time. Time is considered as a distinct unit vice continuous with events flowing
from one to the next.

4.  Stochastic: A stochastic system entails estimates on the part of the decision
maker of events or variables that are random or probabilistic in nature.

5. Deterministic: When variables are assigned a single-valued estimate vice a
stochastic estimate, they are considered deterministic.




10.

11.

FExogenous Variable: Exogenous variables are entered into a model and are
not altered in value during the simulation exercise. An exogenous variable is
also referred to as an environmental variable.

Endogenous Variable: Endogenous variables that are dependent upon the
interactions within the simulation model. Their values are derived by the
model during the simulation and are often referred to as sate variables.

Policy Variable: Policy variables are variables that obtain their value as a
direct result of the decision makers’ intervention.

Flow Chart: A flow chart is a graphical representation using boxes and arrows
to represent events within a system as events progress through time.
Interactions between variables, environment, etc., are captured within a flow
chart.

Feedback: Feedback is the transferring of output back to the input so that
policy variables can be altered in an attempt to obtain a desired output.

Routine: A collection of computer commands that perform a function or
functions.

SIMULATION STRATEGY

Simulation philosophy is a methodology of approaching management allocation

predicaments. Unfortunately, there is no specific procedure that a manager can apply due

to simulation models being unique in application and must be designed anew with each

new kind of problem. However, there are commonalties between problems and models

that facilitate a strategy when a manager confronts the task of sirnulation. Thus, during

the construction of an effective simulation model, the person who develops the model will

proceed through a logical progression of steps. Some steps will be easier than others and

consume less time while others are more difficult and time consuming. However, all are

necessary as each step depends upon the preceding one. The remainder of the chapter will

lay out the steps required for an effective strategy when addressing all but the most

complex simulation scenarios.
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1.  Define the Problem
Essential to the success of a simulation model is the definition of the problem
that the manager wishes to simulate. He/she must pose the question: “What is my
objective for the model?”. The objectives must be clearly stated so that the manager or
programmer can assess the purpose of the model with its resultant desired output.
Initially, the definition may be broad, such as a plan to minimize cost with the system. As
the model progresses through the following steps, the objectives will become more
narrowly defined as different aspects and objectives are realized. However, with a defined
objective, a programmer can proceed to the next step of charting the interactions within
the system.
2.  System Flow Charts
Capturing the essence of a system that is required to properly develop a
simulation model is best done through flow charts. Before describing flow charting

techniques, one must first understand basic system relationships. Figure 3.1 illustrates the

f-I Environmental Variables l e
Input [
: Variables Mol

PROCESS

Sy&te)h

Figure 3.1: System Interactions
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interactions that exist within a system. Key to the success of the simulation model is the
proper identification of interactions shown in Figure 3.1. The environment is beyond the
control of the decision maker but it interacts with all facets of the system and must be
understood. The decision maker controls the inputs, monitors feedback, and makes
decisions through policy variables. The process is the heart of the simulation model where
most of the functional interrelationships are understood and then programmed. With a
stated objective and a basic understanding of the system in terms similar to Figure 3.1, a
basic flow chart can be constructed. [Ref. 2:pp. 2-4]

The first flow chart will capture the essence and general interactions that are
involved in the system. It should be a relatively simple chart as it will become the
foundation from which all other interactions and flow charts are constructed. The first
flow chart will be the backbone of the simulation model and it is upon this that a master
control routine is created. Subroutines branch out from the master routine to perform
more specialized tasks or functions. This logic of breaking the system into one master
routine and several subroutines is ideal for “debugging” a model. The technique of
routines and subroutines is discussed later.

When developing flow charts, a manager should only consider key vanables
and interactions. Once a working model is created, more complexity and realism can be
added as needed. The greater the number of endogenous, stochastic, and policy variables
included in a model, the more complex the model becomes. This results in an increase in
the time required to develop and run a simulation model. However, with an increase in
complexity the model becomes more accurate. The more accurately that the model
represents reality, the more accurate the results and the closer the simulation will be to
meeting the objectives. This trade-off between time and accuracy is partially determined

by the objectives and partially from the experience of the programmer. With the flow

12




charts drawn and thoroughly understood, the programmer continues to the next step of
simulation strategy.
3. Mathematical Modeling

Mathematical modeling often coincides with the creation of flow charts. This
occurs because mathematical models involve functional relationships where exogenous
variables (inputs) are transformed into values for endogenous variables (outputs). Also,
the functional relationships will be an integral part of the boxes within flow charts.
Mathematical modeling is also the point in the simulation process where the discipline of

spreadsheet modeling becomes a consideration. A programmer must be continuously
-X thinking about how he/she is going to program the spreadsheet to recreate the
mathematical and functional relationships.

During the mathematical modeling phase, a number of sources are referred to
for equations and relationships. Several equations will be used that have been created by
management scientists for analyzing a problem using analytical techniques. This is the
case for the inventory distribution and queuing models discussed in the next two chapters.
Other sources will be from the discipline from which the model is formulated such as
general accounting relationships. Other functional relationships are developed by
understanding the relationships inherent within the flow charts created for the system. The
purpose of mathematical and functional relationship modeling is to describe the system as
carefully as possible. Each equation or relationship describes a relationship between two
or more factors of interest in the system. When consolidated, they represent the flow
charts and eventually the complete system.

Critical to the mathematical modeling phase are the assumptions that are buiit
into the simulation model. What is considered to be generally understood and in what

situation will the simulation model be exercised? A caveat must be considered at this

13




point in the discussion. Anyone who deals with simulation must understand that the
model is only as genuine as the input and the assumptions inherent to the input. A poor
assumption will invalidate the model no matter how well the model is constructed. As the
saying goes, “Garbage in gives garbage out!” Therefore, the importance of this step in
model development cannot be over emphasized.

Another consideration that must be understood during simulation construction
is the unexpected. A model should take into account every conceivable value of the
system being considered. For simplistic models, it is easier to prevent values or place
limits within the model. For example, if the stock level in an inventory system achieves a
certain level, the simulation should perform a function or end simulation. The reasoning
behind this logic is the difficulties a programmer will encounter if a condition is forgotten
and is encountered during the simulation. Numerous hours of debugging can resuit from
an unaccounted value or a condition that results in misleading and invalid output.

4.  Creating a Spreadsheet Simulation Macro

This step is the point of divergence from a typical approach to simulation
methodology. Instead of applying a spreadsheet to solve a simulation oriented problem,
the traditional approach is for a manager to choose hand simulation or simulation specific
computer languages to solve his/her resource allocation dilemma. If the problem under
consideration is a continuous situation vice discrete, simulation specific languages are the
optimal choice. However, the focus of this thesis is on moderately complex, discrete
scenarios that lend themselves to spreadsheet simulation. The remainder of this chapter
will be oriented towards the application of a spreadsheet for resolving of resource
allocation problems. In particular, techniques developed during this study will be

presented to the reader to augment his/her spreadsheet simulation endeavors.
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However, before launching into the programming phase, the programmer
must become intimately familiar with the capabilities of the spreadsheet he/she intends to
employ. Spreadsheer- are not designed to be used for simulation tasks but are fully
capable to do so through macro programming. However, one must be creative in
programming the spreadsheet to perform simulation. The more that a programmer
understands the capabilities of his/her spreadsheet, the easier the task will be.

After constructing flow charts and mathematical relationships, the next task,
often the most time consuming, is the creation of the simulation macro(s) and worksheet
within a spreadsheet program such as Excel 4.0. Careful preparation and forethought will
save the programmer several hours of debugging during the creation of the program.
However, debugging will be required no matter how efficient the programmer is. The
following paragraphs are techniques that will help the manager solve resource allocation
problems using Exce! or other off-the-shelf digital computer spreadsheets.

a.  Subroutines

To facilitate debugging, ease of understanding, and use of flow charts, a
“master” macro should be created. The master macro will control the entire simulation
process through a network of supportive subroutines. The master routine should be
constructed upon the basic or central flow chart. It should controi time and its respective
iterations along with output and input of variables. The subroutines should be developed
to perform specific or several functions of the flow charts or separate blocks within flow
charts. The concept of “block-building” through subroutines facilitates debugging by
limiting the areas where a programmer must look for difficulties.

A subroutine does not have to be part of the same macro. It can be its
own separate macro that is initiated by the master or other subroutine macros. Separate

macros become a necessity with complex scenarios that require many lines of
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programming code. Otherwise, the program becomes too large, difficult to debug, and
some functions of Exce/ become limited or lost. Also, Excel’s group editing abilities
allows the editing of several macros simultaneously, thus saving time.

b.  Variables

Several techniques exist for assigning values to variables. Fo:

exogenous variables that are deterministic and not changed for different scenarios, the best
command to use is SET.VALUE(reference, values). For vanables that need to be
updated during simulation and recorded in a separate location on the spreadsheet, the best
command to use is FORMULA((formula_text, reference). Exogenous and deterministic
values that are changed by the user for different scenarios or assumptions are entered
through a function referred to as DIALOG.BOX(dialog_ref). This command presents
the simulation user with an interaction box similar to Illustration 3.1. Dialog boxes can be
used for a number of other functions such as prompting the user for input needed for

policy variables.

O 2 {7 i B N Beginning inventory
O 3 5o J B 4 A rden g Ind .
O R B [ Prompt tor Aeorder
(O Prosmopt for Reovder Quantity

Reorder Pomt
Reorder Quantity

~Costs
Holdirg Cost/Unit
Cort/Ordes
Shortage Cost/Unit 1. - ::

Ilustration 3.1: Sample DIALOG BOX
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Another function of Excel that is used for variable manipulation is the
IF(logical_test, value_if true, value_if false) command. Using this command, variables
(i.e., cell reference to itself) can cumulate data when a condition is either true or false as

shown in Illustration 3.2. IF(..) is also used for stochastic events and Monte Carlo

A B C

name command comments

333 |Total Type 1 [=[F(Patient Type=1,Total Type 1+1.Total Tvpe 1) Tally Patients

334 [Total Tvpe 2 |=[F(Patient Type=2.Total Type 2+1,Total Tvpe 2)

335 |Total Tvpe 3 {=IF(Patient Tvpe=3,Total Tvpe 3+1,Total Tvpe 3)

Dlustration 3.2: Data Culmination
techniques. By using multiple IF(..)s, a stochastic vanable that has been converted to a
cumulative relative frequency is coupled with a RAND() function to generate a random
number less that one. The MAX(numberl, number2,..) function then determines the

value. This process is depicted in Illustration 3.3.

A B C
name commands comments

67 =RANIDX) Determine Dailv Demand
68 =[F(B367>( VLOOKUP(0,Demand Table.4)).Demand | Demand 0)

69 =[F(B$67>( VLOOKUP(1,Demand Table,4)),Demand 2,Demand 0)

70 =[F(B$67>( VLOOKUP(2,Demand_Tabie,4)),Demand_3,Demand 0)

71 =[F(B$67>( VLOOKUP(3,Demand_Table,4)) Demand_4.Demand 0)

72 |DEMAND [=MAX(B68:B71)

Dlustration 3.3: Stochastic Event
¢.  Naming Variables and Locations
A powerful capability of spreadsheets is the ability to name cells or

blocks of cells. Thus, a cell that is being used as a variable can be assigned a name
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Naming should be used as much as possible to permit the programmer, debugger, and user
to better understand the program. Instead of trying to determine which cell a formula is
referenced to, a name is utilized. DEMAND and Demand_Table are examples of using
names as shown in Illustration 3.3.

d  Recording Data

Computer simulation involves the passage of simulated time in a
compressed format. The gathering of output statistics during simulation requires an ability
to record data either in computer memory or on the spreadsheet for further analysis. This
can be done through a couple of methods. The first is to collect data using IF(..),
MAX(..), etc., functions as shown in Illustration 3.3. The disadvantage of this method is
that the data for each particular iteration is lost. However, it is ideal for simplistic Monte
Carlo methods or for the summation of information.

The second method is to record the information in a spreadsheet matrix
format. Unlike simulation languages that support three-dimensional storage of
information in computer memory, a spreadsheet requires the recording of information after
each iteration onto the spreadsheet. This is the major difficulty that was encountered
when applying spreadsheets for simulation problems. It was not impossible but requires
some creative programming to resolve some of the perplexities encountered.

When using a matrix format to store data, one needs to have the ability
to reference a location on the spreadsheet. The OFFSET(reference, rows, cols, height,
width) command was used extensively for this function. For the reference, the corner cell
of the matrix was assigned a name for easy reference. Therefore, a two dimensional

matrix was accessible on the worksheet for data storage and manipulation.
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e.  Manipulation of Time

The method by which time is controlled within the macro that controls
the spreadsheet simulation determines the foundation upon which all macros are
constructed. The idea is to move the model through time to see the dynamic behavior of
the system. The simulation begins at time zero where all parameters have their initial
values as provided by the user. As time progresses during simulation, various events
occur causing changes within the model. Thus, time is central to the simulation. Two
methods of time management were used in the examples in the following chapters.

The first method is to allot time into fixed units. Time is then iterated
using the FOR(counter_text, start_num, end_num, step_num) function with its
corresponding NEXT() until the user inputted time limit is reached. This was used for the
simulation of inventory distribution and financial management problems.

The second method is a “next event” technique [Ref 3]. Time is not
iterated in fixed units but instead is iterated by the time required until the occurrence of the
next event. Next event methods require more creativity in program design so that each
event can be traced with its respective information. The method employed in the queuing
examples was a two-dimensional pointer-matrix methodology Each event was assigned a
time and a pointer that maintained the location of relevant data.

[ Lagic Statements

For situations that require a separate set of actions based upon different
conditions, Excel offers several logic functions. For example IF(logical_test),
ELSE.IF(logical_test), and ELSE() allows the program to execute separate functions due
to three separate conditions. The function WHILE(logical_test) with its corresponding
NEXT() permit localized iteration routines if required. Each of these functions lends

themselves to conditional requirements within flow charts.
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These above techniques are the major methods that were developed
during the creation of the models contained in the next three chapters. Other techniques
can be discovered in the program listing contained in Appendices A, B, and C.

S.  Validation of the Model T

Once a working spreadsheet model is created, the most difficult task for the

programmer is validation and debugging of the model. Essentially, given inputs with
corresponding known correct outputs (this can come from an organization’s past data or
hand calculations) are entered into the model and the model’s output is scrutinized. Other
methods of debugging also can be employed. Excel has a built-in add-in function for
debugging. This add-in permits the insertion of breaks within the macro or check points
where values of critical variables can be cailed up and their validity determined. Another
function that was found to be invaluable was the macro utility bar. Contained on this
utility bar is a function that allows an individual to “step” through each individual line of
the macro. Thus, a programmer can validate that every line of programming in the macro
1s performing what it was designed to do. The utility bar also allows the pausing of a
macro. This facilitates repositioning of the computer display of the macro or worksheet to

check on other sections of the spreadsheet during simulation execution.

One who begins programming will learn that the validation phase is the most
difficult and rewarding. As he/she progresses through every conceivable scenario and
situation, a simulation model will be created. Often, at this point, further complexity is
added to the working model to enhance ihe accuracy of the modei until the final
simulation model is created.

6. Model Implementation
Once a model is created and validated, the model should be put to use and the

benefits of the simulation realized. Often the model is further modified to add more
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realism or to meet new objectives. One will find that the first model is the most difficuit.
Fortunately, as time progresses and experience is gained, the process becomes much
easier.

The next three chapters present the application of simulation and computer
spreadsheets for analyzing resource allocation problems. Techniques discussed in these
chapters are used to create spreadsheet simulation models for three unique allocation
scenarios frequently confronted by managers. Each will demonstrate how “what if”
analysis through spreadsheet simulation can provide economical guidance to managers
when making crucial policy decisions. Spreadsheet simulation provides management with
the capability to analyze how a decision effects a dynamic system without the expense of
trial and error.

The simulation systems chosen for illustration and discussion are inventory
distribution management, queuing environment utilization, and a financial budgeting
scenario. Before discussing each simulation model, an introduction is provided outlining
the dilemmas faced by managers and the apropos solutions provided by management
science theory concerning the aforementioned illustrations. With an understanding of the
traditional solution to each resource allocation problem, the alternative approach of
simulation will be introduced to illustrate how simulation can augment management
science theory. The logic behind each spreadsheet simulation model will be discussed
followed by scenarios demonstrating the power of each model. Each scenario’s result will

be analyzed to conclude each section.
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IV. INVENTORY DISTRIBUTION MANAGEMENT

This chapter is the first of three chapters that present applications of simulation and
computer spreadsheets for analyzing resource allocation problems. The first resource
allocation to be discussed is a dilemma that often confronts managers. How to effectively
develop a set of rules and policies for managing inventory? Inventory can be best
summarized as the items that are maintained in storage to meet the immediate and future
demands within the organization or by customers. Almost all institutions possess some
form of inventory. Inventory can become extremely large and consume a majority of the
capital assets available to the manager. Therefore, the expertise of maintaining inventory
capital at a minimum while simultaneously ensuring that the demands of the organization

and its customers are satisfied is a crucial facet of a successful manager.

A. THEORY

Inventory management is an aspect of management science that has been analyzed
and documented in literature for decades. Management scientists have developed several
analytical models to assist a manager in achieving a balanced and economical inventory
management system. The central thrust of these models is to apply analytical techniques
to achieve a theoretical balance between desirably low inventory levels with that of
sufficient stock to meet customer requirements. Ideally, the analytical results will allow a
sagacious manager to achieve positive customer relations and the lowest possible
commitment of assets. This requires few or no backorders with low inventory levels.
Unfortunately, analytical methods are formulated under the presumption of ideal
conditions such as predictable demand and lead time. With the introduction of reality, the

manager must augment an ideal solution with experience or other methods to obtain an
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efficient inventory system. It will be shown that spreadsheet simulation can be a valuable

tool in enhancing a manager’s experience.

Before introducing inventory simulation, a manager must understand inventory

management theory. The overall objective of the analytical method is to achieve the

lowest commitment of assets. The commitments of capital in the form of costs are as

follows:

L.

Holding or carrying costs that are essentially the expenses of physically having
an inventory within the organization. Examples of these costs are floor space,
insurance, and obsolescence. Holding costs do not include the actual value of
the inventory. [Ref. 2:p. 56]

Ordering (or setup in a production environment) costs that are incurred with
each decision to order (or produce) more inventory. Examples of these costs
are clerical costs associated with processing an order, shipping cost, and
material handing costs once the order is received, or the costs of restarting the
production line after a temporary shut-down. [Ref. 2:p. 57]

Stockout cost that consists of forgone profit, lost sales, or the cost of an
emergency order associated with the inability to meet customer demand when
an item is not available. This cost is the most difficult to estimate and often is

the most expensive. [Ref. 2:p. 57]

Once a manager has assessed the costs involved in maintaining an inventory, an

understanding of how the costs interact is required to illustrate the purpose of analytical

techniques. The first interaction is that holding and order costs move in opposite

directions. Assuming ordering costs are greater than holding costs, a manager who makes

large orders will decrease the total cost of ordering. However, large orders result in

higher inventory level, thus increasing holding costs to the point that will eventually
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exceed the benefit of reduced ordering costs. The second interaction is that stockout
costs will decrease as order size increases but are more a function of the reorder point vice
quantity. If a manager maintains his/her inventory levels low to reduce holding costs, the
potential exists to order too late, resulting in items being out of stock with a
corresponding exponential increase in stockout costs. These conflicting interactions lead
the mangers to ask themselves two questions: How much should I order? and When
should I order?

The traditional method in management science for resolving the manager’s questions
is to apply analytical techniques referred to as the Economic Order Quantity (EOQ)
model. This model, with algebra and differential calculus, will identify the most
economical balance between order quantity and reorder point. However, as previously
discussed, adding more realism and complexity to a scenario will result in the traditional
analytical methods of analysis becoming prohibitively difficult to apply, even for
professional mathematicians and statisticians. Thus, to cope with reality, managers rely
upon experience to determine a sufficient safety or buffer stock. However, a buffer stock
result in a higher reorder point and excess inventory. Determining the level of safety is not
an easy task because the best set of rules often cannot be established in advance. The
rules for determining an appropriate safety stock must often be arrived at through the
process of trial and error. However, by applying simuiation and spreadsheet analysis, a
significant reduction in the costly methods of guess work and trial and error can be

achieved by the manager.

B. INVENTORY DISTRIBUTION SIMULATION
The inventory distribution system model that was developed using Excel 4.0 is
designed to simulate a typical factory to dealer distribution system with multiple levels of

warehouses. A discussion of the logic behind the model is included in this section. A full
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listing of the model’s macros and comments are provided in Appendix A. The model is
designed for analysis of multiple scenarios. A relatively simplistic model consisting of one
dealer with non-probabilistic lead and demand times demonstrating EOQ theory can be
analyzed. Additionally, the model is capable of allowing the user to analyze extremely
complex scenarios with up to three warehouses, probabilistic demand and lead times, and
continuous involvement by the user. Complex scenarios illustrate the difficulty of applying
EOQ techniques for achieving optimal solutions. Many different aspects were considered
and included within the spreadsheet model. Furti  moditications to the macros can be
performed to include any degree of realism within the simulation. However, the extent of
modifications to the model for further capturing the richness of a real-world situation
should not be so complex that the user cannot understand or appreciate the spreadsheet
simulation model for analyzing a managerial problem.

Before constructing the inventory distribution simulation, one must first determine
the objectives of the model. What do we wish to examine? The following model was
designe:} to analyze inventory level, backorder and cost behavior that are the critical
aspects of inventory management system. A model that demonstrates these behaviors will
augment a manager’s policy concerning when and how much to order under different
scenarios.

With the model’s objectives in mind, a number of flow charts were created to build
and chart the sequence of events that were required to properly understand an inventory
distribution system. The first flow chart developed gives a broad summary of how orders
generated by the customer are received by the dealer and then progress down through the
distribution system to the factory. The result is merchandise being provided to the
customer. This progression of orders from the customer to the factory is illustrated in

Figure 4.1. The flow of events is different if less than three warehouses are included in the
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simulation. Instead of the orders and inventory flowing between warehouse #3 and the
factory, this event may occur between warehouse #1, #2 or more, depending upon the

number of warehouses simulated.

Wareheuse

o-/l_zez

Warehoase
#3

{

Figure 4.1: Inventory Flowchart

The flow of events is a generic representation of inventory distribution systems
which can be found in the private sector or military logistic supply systems. For example,
the supply department on a ship performs the same function as a dealer in the private
sector. The shipboard supply department receives customer demand from the onboard
customers it was designed to serve, such as O-level maintenance facilities.

Key to the flow of events is the treatment of “time” within the model. For an
inventory system, time is a fixed unit. Thus, each iteration through Figure 4.1 is the
passage of one time unit and all other elements are treated as variables. On the other
hand, a queuing model, which follows this chapter, treats time as a variable with other
elements being fixed. Thus, time becomes the critical element in the development R
simulation model and will lead to vast differences between models.

To simulate an inventory distribution system with time as a fixed unit, one

worksheet and six macros were created within Excel 4.0. The worksheet is a place holder
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for the data and graphs created by the individual macros. The worksheet accesses the
macro by two macro command buttons. One button begins the simulation routine, while
the second transfers the data to the graphs for analysis. The six macros perform the actual
computational work of the simulation. Five of these six macros are for each of the
inventory management centers depicted in Figure 4.1 except that the customer is included
within the dealer macro. The sixth macro is the master macro that controls the process of
interactions among the five individual inventory management macros and is the first macro
to be executed when the user begins the simulation from the worksheet

As shown in Figure 4.2, the first action by the master macro is to display an initial

input dialog box requesting information on inventory status and policies such as reorder
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Startup
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Figure 4.2: Master Macro Flow Chart
point, order quanity, holding costs, etc. This is the information required for performing a
simulation. Additionally, the number of warehouses desired and how much user

involvement is needed during the simulation is requested by the input dialog box. Options
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of involvement range from none, with the exception of initial data, to complete control
requiring every decision to be made by the user during the simulation. Once the master
macro has the information required to perform the simulation, it begins an iterative
process of progressing through each macro as shown in Figure 4.2.

If startup iterations are desired, the master macro will iterate without any user
involvement thus producing random inventory and backorder levels. This option is useful
for the full involvement scenario as it adds another level of complexity to the problem.
Once the initial data and startup segments are performed, the macro begins an iterative
process for the number of days requested by the user. The master macro’s first step in the
iteration is to call upon the dealer macro that initiates the inventory distribution process.
When the dealer macro returns control to the master macro, an iteration is complete and
time is incremented by one unit. The process then repeats and continues until the number
of iteration days is complete. The last function of the master macro is the transferring of
data back to the worksheet.

The dealer macro initiates the inventory distribution system. It, along with each of
the warehouses, has virtually the same flow chart of events occurring as illustrated in
Figure 4.3. The first calculation that is performed by the dealer but not the warehouse
macros is to calculate customer demand that is either probabilistic or deterministic. With
demand known, the macro will then fill any backorders if inventory is present. What is left
of current inventory is applied to the customer’s order and if insufficient, a backorder log
is developed. With the remaining inventory, the macro makes the determination if
inventory is below the reorder point. If this is the case, an order is placed at the
warehouse. The order will be received by the first warehouse depending upon the lead
time that is probabilistic or deterministic. Even if there is no order placed, the dealer

macro calls upon the warehouse macro at this point to permit updates of the warehouse




and factory inventory levels. The last function of the macro is to determine if a previous
order has arrived. If so, it is the added to the inventory.

The warehouse macro differs from the dealer macro in that it does not calculate
customer demand but instead receives its orders from the dealer. Furthermore, each
warehouse will call upon the next warehouse in the distribution chain or the factory,

depending upon the number of warehouses in the simulation.
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Figure 4.3: Dealer and Warehouse Macro Flow Chart

The flow of events for the factory macro is illustrated in Figure 4.4 and is slightly
different in design and concept than the dealer and warehouse macros. Instead of making
the decision to place an order, the factory macro makes the decision to either startup or
shutdown production. The same logic as reorder point is applied. Production will begin
when inventory level depletes below a certain level and production stops when inventory
exceeds a certain level.

Common to the entire macro chain is the concept of macro nesting. This means that

customer’s order precedes through the inventory management system in a linked like
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manner. The order starts at the dealer on Day 1 and continues through the warehouses
reaching the factory at an unpredictable date. This time-delay effect on each inventory
management point amplifies the uncertainty in customer dem. _ and illustrates the need to
use simulation models to examine the effect of different inventory policies at different
management points. Once at the factory, the order reverses direction back to the dealer as
illustrated in Figure 4.1. Another element of the system is that each successive iteration
within the model is the passage of one time unit that equates to a single day. However,
the user can assume any length of period as long as input data regarding demand rates,

lead time, cost parameters, and so forth are appropriately scaled. The output will then

reflect the time unit chosen by the user.
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Figure 4.4: Factory Macro Flow Chart

C. SCENARIOS
With an understanding of the logical progression of events and how functions of

each macro, four different scenarios will be analyzed to demonstrate how the simulation
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spreadsheet model can be used to augment the manager’s expertise concerning inventory
management. Each scenario could be solved using analytical and hand simulation
techniques. However, as the level of complexity increases, it becomes apparent how a
computer spreadsheet facilitates multiple “what if” analysis in a fraction of the time
required to obtain one analytical answer. Each simulation will be a dynamic system
showing the interactions and oscillatory behavior typical of a dealer to factory inventory
distribution system over a sixty day period. Sixty days with initially low levels of
inventory are chosen to force an oscillatory behavior to occur early within the simulation.
The purposc of each scenario is to demonstrate how the spreadsheet simulation technique
can be applied to illustrate oscillatory behavior and derive possible optimal solutions vice
gathering reams of data.

The oscillatory behavior may be transparent to a manager involved with only one
aspect of the distribution system. He/she may not appreciate how small changes in retail
demand often create large swings in factory production and warehouse inventory that far
exceeds the fluctuation of retail demand. These fluctuations can be quite costly due to
employment instability, over capacity, and high inventory levels. Through simulation, a
manager can manipulate variables without experimenting on the actual inventory levels
He/she will see how simple changes in vanables and policies can have dramatic effects
upon the system as a whole. The three scenarios chosen manipulate vanables only
slightly, yet each has its corresponding oscillation.

The first three scenarios will begin with the same initial data but will have varying
levels of complexity. The first two will involve no user involvement with the exception of
entering initial data. The first scenario will have only one warehouse between the dealer
and the factory while the second will have three warehouses. The third scenario will also

have three warehouses but will demonstrate the maximum complexity capable of the
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simulation model. There will be ten startup iterations to allow for random levels of
inventory and backorders. Additionally, all orders and factory production decisions will
be decided upon by the user during each iteration. The fourth scenario will be similar to
the second but instead lead times will be significantly reduced. This reduction in lead
times will demonstrate a Just-In-Time (JIT) inventory distribution system. The results of
each simulation scenario are discussed in each section and complete output graphs are
provided in Appendix A.
1. One Warehouse, No User Involvement

For each of the four scenarios, the same initial input data was used as shown
in Table 4.1. The initial reorder points and quantities are chosen to be large and late so
that an initial oscillatory behavior is demonstrated early within the model. Furthermore,
the factory’s inventory level is twice that of the others to absorb the initial surge in
demand. The factory’s production rate is sufficient to exceed demand, therefore providing

an illustration of startup and shutdown events at the factory.

TABLE 4.1: INITIAL INPUT DATA

Dealer Warehouses Factorv
Beginning [nventory 50 50 100
Reorder Level 25 25 hd
Begin Production Level * * 35
Stop Production Level * * 100
Amount of Order 25 25 25
Rate of Production * b 30
Holding Cost $.10 $.10 $.10
Order Cost 520 $20 *
Setup Cost * . $100
Shortage Cost $50 $50 $50

Having only one warehouse between the dealer and the factory is the simplest

of the four scenarios, thus one would expect very little oscillations. This would be the
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case if demand and lead time were not probabilistic. A simple EOQ calculation would
allow the dealer and the managers of the warehouse to determine economic order point
and level resulting in relatively stable inventory patterns. However, all four scenarios have
both demand and lead time being probabilistic as provided in Table 4.2. The latter column
of relative frequency lead times was used in the final scenario to represent a JIT
environment.

Having probabilistic demand and lead times without user input results in
multiple orders being placed before receiving any shipments from previous orders. This is
the pnmary reason that large oscillations in inventory levels occur as illustrated in Figure
45,

TABLE 4.2: DEMAND AND LEAD TIME FREQUENCY

Demand Relative Frequency Lead Time Relative Frequency
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Additionally, even after achieving large inventories by day twenty, strong
demand with corresponding late ordering again results in a depletion of the dealer and
warehouse inventory by day thirty. Consequently, the dealer and especially the warehouse
develops significant and expensive backorders. By altering the reorder point and levels, an
optimal solution can be obtained. However, by adding levels of warehouses to the
scenario, the difficulty in predicting demand and oscillatory behavior make obtaining a

solution even more illusive.
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Inventory Level

Figure 4.5: Scenario 1—Inventory Level with Probabilistic Demand and Lead Time
2.  Three Warehouses, No User Involvement

By adding more warehouses to the scenario, the oscillations in inventory
levels permeate throughout the inventory management system and are significantly more
pronounced as illustrated in Figure 4.6. The fluctuations are similar o a one warehouse
scenario. However, with three warehouses, the increased interdependence compounded
with probabilistic lead time result in inventory level rapidly depleting to zero. These low
inventory levels cause several t ickorders and a corresponding increase in overall cost for
this inventory distribution scenario. So, how should the managers reduce costs?

The complexity of Figure 4.6 fully demonstrates the difficulty of applying
traditional analytical techniques to derive an economical solution. By understanding the
behavior of the system through simulation with graphical outputs, the manager can
develop and test policies in an attempt to reduce cost. The display of inventory levels in

Figure 4.6 reveals some inventory patterns. First, all three warehouses rapidly deplete
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inventory to zero as the dealer and warehouses quickly order to increase inventory. A
policy to resolve this dilemma would be for each warehouse to have a higher reorder
point. Another apparent pattern is that the factory’s inventory is decimated as all three
warehouse order simultaneously. Additionally, the factory rapidly cycles through the
phases of production. Solutions to these difficulties range from producing larger

quantities with corresponding long shutdown periods or by decreasing production rate.

Figure 4.6: Scenario 2—Inventory Levels with Probabilistic Demand and Lead Time
To test these possible remedies, many “what if” analysis can be performed to
find the most economical policy for each warehouse, the dealer, and the factory. These
particular scenarios assume that order and order points were set and did not change during
the simulation. The next scenario will demonstrate the increased complexity involved
when each manager attempts to maintain an inventory at a level that mitigates backorders

when faced with random demand.
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3.  Three Warehouses, Full User Involvement

With the exception of ten startup iterations, this scenario differs from the
previous scenarios in that the program does not automatically reorder for the dealer or
warehouses nor does it automatically start or stop production at the factory. As the
simulation iterates through each successive day, the user must make the decision to order
or alter factory production based upon inventory level and demand. The dealer and
warehouse managers will try to keep their inventories at a sufficient level considering
average demand. If inventory levels begin to fall below a desired level the manager will
order extra units above his/her sales rate to rebuild the inventory. Conversely, he/she will
reduce his/her order rate if inventory level becomes too high. Accurate prediction is
limited due to probabilistic demand and lead time. The dealer can estimate demand to stay
within a certain range. However, the warehouse managers will find it difficult to predict
how much the previous person up the chain will order and when. Additionally, whenever
an order is placed it can arrive up to five days later thus giving the potential of zero
inventories with corresponding backorders.

The resultant inventory behavior of the three warehouse scenario with user
involvement is illustrated in Figure 4.7. Oscillatory behavior is still present but the initial
fluctuations are due to the beginning inventories being artificially low for the
corresponding demand. Furthermore, the ten startup iterations developed random
inventory levels and backorder and do not allow user intervention. The first twenty days
demonstrate low to zero inventory levels as the dealer and the warehouses build inventory
to approximately one hundred units. Furthermore, inventories do not increase until
factory production is sufficient and inventory arrives according to probabilistic lead times.

Once inventory levels are stable, the demand upon the warehouses diminishes.

The managers then begin reducing inventory to a more optimum level of approximately
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eighty. However, warehouse #2 and #3 waited too long and allowed inventory to
depleted to zero and incurred momentary backorders. The practice of reducing inventory
levels to reduce holding cost without continuous orders leads to the oscillatory behavior.
Running this simulation for a greater period would allow each manager to determine an

appropriate reorder point and quantity at the least cost.

| Bl Deaer Demuna :

Desinr E
i I Warehouse- |
“ T warehouse-2 :

{ B warehouse-3

Figure 4.7: Scenario 3—Inventory Levels with Probabilistic Demand and Lead Time

In this scenario, it is cheaper to have an abundant inventory to minimize cost.
However, scenarios with increased holding costs will make it more difficult to predict
which policies will give the optimal solution. Additionally, a JIT model will illustrate that
reduced inventory are more economical. The benefit of the simulation model is to
demonstrate the difficulties involved with maintaining an inventory distribution system but
allows the managers to experiment with different decision options and evaluate the

potential consequences. The three-dimensional graphs illustrate the osciilatory behavior of
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a distribution system and give the manager an appreciation of the dynamics and
interactions involved between each of the individual units.
4. Three Warehouse, JIT Environment
When a JIT environment is simulated, the difficulty in predicting lead time by
the manager is mitigated, allowing for more stable inventory levels. An examination of
Figure 4.8 reveals that inventory levels remain relatively constant. The occasional jump

shown by
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Figure 4.8: Scenario 4: Inventory Level Under JIT
the dealer and warehouse #3 are a result of lead time being two days vice one. Therefore,
inventory level is below the reorder point two days in a row and subsequently two orders
are made. The resultant double order by the dealer causes warehouse #1 to face a
backorder with its high penalty cost.

A drawback of the depicted JIT scenario is that the multiple orders cause the

overall cost of the system to gradually rise. This could be solved by varying order points
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and levels to achieve a more economical solution. However, the point of this scenario is
to have the same initial data as the other scenarios for comparison. Furthermore, the
predictable behavior of Figure 4.8 is the crucial aspect of JIT that should be understood by
a manager. The predictability allows a inventory distribution manager to derive a superior
inventory policy. This is one of the reasons that many organizations, including Navy
Depots, are converting to a JIT inventory distribution system. This is especially the case if
holding costs far exceed ordering costs.

Each of the above scenarios illustrate the benefits a manager can derive from
spreadsheet simulation modeling of an inventory distribution system. The next chapter
will demonstrate how spreadsheet simulation can augment a manger’s ability to analyze

resource allocation within a queuing environment.
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V. QUEUING ENVIRONMENT UTILIZATION

As with inventory management, effective allocation of resources within a queuing
environment is another challenge often faced by managers. A queue, or waiting line, is the
accumulation of customers, products, etc., at a holding station that are awaiting service or
processing within a system. Any institution that provides services or engages in
manufacturing and faces the possibility of an item waiting in line deals with some form of
queuing utilization. Inventory, for example, is provided to the customer by a server. If a
sufficient number of attendants are not available to the customer for delivery of
merchandise, excessive queues develop and the customer will seek service elsewhere. The
manager may have determined the optimum stock levels required to prevent stockout but
his/her analysis would be incomplete if the queue consists of people. If the queue is too
long, customers waiting in line would become dissatisfied with the system. The result is
lost sales that are the equivalent of stockout costs in an inventory environment. Thus,
another facet of a successful manager is the ability to make crucial decisions in the realm of

queuing theory.

A. THEORY

Queuing discipline can be approached in many ways with as many corresponding
solutions as demonstrated in the previous chapter on inventory management theory. The
most rudimentary approach for determining the number of servers or processing stations
required for the expected demand is to use tnal and error methods. By changing a few
parameters and observing the results, a manager can determine the most economical
balance between desired service capability and customer waiting time. As the system

increases in complexity, it often becomes impossible to achieve an optimal solution through
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trial and error techniques. Furthermore, if one is designing a new system, such as the
number of registers to install in a grocery store, it is not economical to render a guess as to
an optimal solution. Therefore, other methods are required such as analytical and
simulation techniques for solving more complex scenarios. However, one first must
understand some basic aspects of queuing theory as developed by management scientists.

In discussing queues, several common terms are used. A queue is that part of the
system where units are waiting service. The server is the person or device that performs a
service to the units waiting in the queue. The system itself consists of all queues and
servers. Channels are the lines within a system that can be simple in nature with a single
line or more complex with multiple channels. The number of servers contained within a
channel are referred to as phases. As with channels, a simple system will have a single
phase while more complex systems contain layers of servers or multiple phases. Another
term common to queuing systems is balking. Balking occurs when queues become too
long and the customer chooses not to wait in line. He/she either seeks service elsewhere or
comes back at another time. To determine when balking occurs is often difficult to
estimate but critical to the design of a queuing system. [Ref. 2:pp. 172-174]

With a knowledge of queuing phraseology, one must also understand queuing
discipline. What is the sequence of events within a queue and how are these events
distributed with respect to time? Common to most queues is the design of the system that
provides service to the first item within the queue or sometimes defined as “first come, first
served.” Other service philosophies can be used in the design of a system such as assigning
categories to items in the queue and serving some categories above others regardless of
when they entered the queue. Given a service philosophy, one can assign the proper
distribution of events in relation to time. The best approach is to observe the actual system

in operation over the period of time that analysis is desired and simulate arrivals to fit the
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observed pattern. If this option is not available or it is a new system, other models are used
within queuing simulations. For arrival rates, a Poisson distribution with its corresponding
negative exponential probability of arrival has been found to fit a majority of arrival
patterns. If a Poisson arrival distribution is not appropriate, another approach is to model
arrivals through a normal or uniform distribution. For service times, observation is the best
choice. {owever, a normal distribution is often used if an observation is unavailable. If a
more appropriate distribution function exists, it can be used to model service time.

In choosing the number of servers in a model, one must be careful not to allow
arrival rate to approach service rate. As arrival rate nears service rate, an exponential
relationship occurs resulting in chaos and the queuing system collapsing upon itself. This
potential exponential growth in the queue often does not occur in the real world due to the
onset of balking significantly before model failure.

Once the parameters are chosen and the system is properly modeled, the approach
offered by management scientists for developing an optimal solution is the application of
analytical techniques. As with inventory management, analytical techniques consist of
several formulas that provide an understanding of the behavior of the queuing system.
Through the behavior of a system, the cost involved in providing the services can be
minimized. The costs that must be considered are:

1. Service costs. These are the expenses a manager must consider in providing the
desired service. These costs include the cost of the material required for
providing the service as well as the salary of the employee.

2. Waiting costs. These expenses are faced by the manager when units are forced
to queue as they await service. These costs include opportunity costs as well as

balking costs.
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Service costs are often easy to calculate but waiting costs can be much more illusive.
Furthermore, waiting costs can sometimes be inappropriate such as with a hospital
environment. Instead of placing a value on human life that would occur with balking and
possible death, a minimum service level is determined and used to obtain an optimal
solution. However, even with a thorough understanding of the queuing formulas, many
queuing systems are too complex to be solved using traditional analytical techniques.

Thus, one must pursue simulation methods to derive an optimal solution.

B. QUEUING SYSTEM SIMULATION

The queuing system that was simulated using Excel 4.0 is a highly complex analysis
of a hospital emergency room. The hospital emergency room that was modeled includes
multiple phases and multiple channels. The complexity is further compounded by using a
modified “first in, first serviced” philosophy by accounting for patients who need immediate
care. The arrival rate of patients employes a Poisson distribution that varies over time.

The number of nurses and doctors in the emergency room for treating patients varies
during time to deal with changing levels of staff workload during a day. Additionally, five
different patient types are considered to model varying levels of treatment and service rates
by the nurses and doctors.

To solve this queuing problem and multiple “what if” scenarios, one could use
analytical techniques. However, deriving an analytical solution would consume vast
amounts of time. An analysis of a one week scenario using the model developed took
approximately thirty minutes on a high speed personal computer. Performing several “what
if”” scenarios consumed several hours and illustrates the benefit of computer simulation.
Furthermore, as with the inventory model, several parameters can be manipulated within
the model to simulate different scenarios. A full listing of the program with comments is

provided in Appendix B.
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The primary challenge in the design of a spreadsheet queuing model is how to
account for the sequence of events in relation to time. Unlike the inventory model, time is
not a fixed event to which all other events are linked. With a queuing system, time is a
variable that is controlled by all other events and is governed by a “next event” discipline.
For each iteration, the model does not increment time to determine what happened during
the fixed time unit but instead asks the question, “What happens next?”. To use the
technique of “next event” timing, the model iterates time backward instead of forward.
Each event is assigned a completion time that is incremented to zero by another event’s
completion. The event whose time is closest to zero is the next event to which action
occurs and. triggers all other events.

To catalog events and their times of action, events are classified as either primary or
secondary. A primary event causes action to occur in the model such as arrival of a unit or
the completion of service. Secondary events, such as entering or leaving a queue, are a
direct result of primary events. Additionally, the occurrences of primary and secondary
events result in the scheduling of other primary and secondary events in a chain-like
manner. To fully understand this concept requires the use of a flow chart that depicts the

passage of a patient through the emergency room as illustrated in Figure S 1 Flow charts
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Figure 5.1: Chain of Events for a Patient
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are also provided for each primary event with its corresponding chain of secondary events.
Rounded rectangles within Figure 5.1 contain the three primary events that occurr within
the the hospital emergency room. The three primary events that can occur with each
patient are the arrival to the emergency room, the completion of registration by a nurse and
the completion of treatment by a doctor. Several secondary events occur as a result of
these primary events but first a discussion of Figure 5.1.

Figure 5.1 shows the chain of events that occur for each individual patient within the
hospital emergency room. The first primary event to occur is his/her arrival. The chain of
events for the primary event of a patient arrival is illustrated in Figure 5.2. A Poisson
arnval distribution was used to simulate arrival rate. Other arrival distributions could be

modeled through the altering of a few programming lines in the spreadsheet macro. For
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Figure 5.2: Primary Event—Patient Arrival
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“next event” time philosophy, a secondary event is to calculate the arrival of the next
patient. Each arrival to the emergency room was calculated using a negative exponential
distribution. The parameters for the calculation are time of day and mean arrival rate. This
calculated arnival time is used as a count down time for the next patient’s arrival. Another
secondary event is the determination of the patient medical classification or type. This
value determines if the patient goes straight to the bed queue (open wounds, i.e., type 1) or
to the registration queue (less sever cases, i.e., types 2 - 5). Within each respective queue,
a determination is made as to whether a nurse or doctor is available respectfully. If either is
available, the patient is removed from the queue and is assigned to a server. The nurse or
doctor is then assigned a normal distribution treatment time based upon patient type.

The next primary event to occur is that of a nurse completing registration of a patient

with its corresponding secondary events as illustrated in Figure 5.3. The first secondary
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Figure 5.3: Primary Event—Nurse Completion
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event is to collect data on the nurse’s service (i.e., time spent with patient, etc.) followed
by a freeing of the nurse for further patients. The registered patient is sent to the bed
queue and is assigned a doctor if one is available. The free nurse is assigned to another
patient if one exists in the registration queue. If assigned, a service time is determined as
previously discussed. The service time is used for the next event analysis.

The final primary event within the model is the completion of service to the patient

by the doctor. The secondary events are shown in Figure 5.4 with the first event being the
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Figure 5.4: Primary Event—Doctor Completion

tallying of doctor statistics. The doctor is then freed for treating further patients. The
information on the treated patient is transferred to a location of the spreadsheet for later

analysis. The final event is to check if another patient is in bed who needs treatment. If so.
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the doctor is assigned a completion time as previously discussed with the time being used
for next event analysis.

By understanding the primary and secondary events within the hospital emergency
room, a spreadsheet simulation model can be developed. Similar to the inventory model,
one must first establish the objectives of the simulation. The primary objective of the
model is to collect a number of statistics that can be analyzed by the user to determine the
behavior of the system and facilitate human resource (i.e., doctors and nurses) allocated
and assignment decission. Another objective is to provide a number of options to the user
to accommodate “what if” analysis. The spreadsheet model that was developed allows a
number of different choices for optimization of hospital queuing problems. Choices vary
from the number of nurses and doctors available (up to four each) with their respective
shifts to the number of beds available (up to ten). With the provided statistics and by
varying the available parameters, an optimal solution can be obtained.

Some of the aspects of queuing discipline are not built into this model but could if so
desired by changing a few lines within the macro. Balking was not addressed since few
people have the choice of multiple hospitals or the ability to leave. Additionally, since this
is a service scenario where lost sales are not the concern but instead adequate services is.
costs were not analyzed. The purpose of the model is to determine the appropnate service
time taking into consideration the patient load by varying the number of beds, nurses, and
doctors.

Before demonstrating the capabilities of the queuing simulation model, a few key
differences exist between the queuing model and the inventory distribution model and
should be understood. The first key difference is how time was managed as previously
discussed. Second, since the queuing problem does not contain separate levels of

management (i.e., factory, warehouse, and dealer), the spreadsheet model did not initially
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lend itself to the creation of completely separate macros. Instead, one large macro was
programmed with seveial subroutines nested within the one macro. If desired, each
subroutine could be developed into a separate macro. However, during the initial
development it was found easier to work within one macro. As the complexity of the
model was increased, the size of the individual macro grew. Towards the completion of
the model, some of the advantages to a single macro were lost such as the inability to
further name cells or use Excel’s macro debug add-in. Therefore, if designing a more
complex model or modifying this one, it would be advantageous to separate the macro into
smaller macros.

To begin all scenarios, the user integrates with the queuing macro through a master
worksheet in the same fashion as the inventory model. Dialog boxes will ask for imitial
input and the model will begin simulation. All pertinent data is transferred to the

worksheet at the completion of the simulation.

C. SCENARIOS

With an understanding of queuing philosophy and “next event” time management,
two scenarios will be simulated to demonstrate the full capability of the spreadsheet
simulation model that was developed using Exce/ 4.0. Each will illustrate the benefits of
using simulation for determining an optimal solution in s complex queuing environment in a
hospital emergency room. Even if an optimal solution is not desired, a manager can pose
“what if” scenarios and study the behavior of the queuing system. He/she can than make
changes to the system to meet his/her desired objectives.

Without using simulation, a manager or director of a hospital emergency room would
have few options for determining how many nurses, doctors, and beds are required to meet
the anticipated patients’ arrival rate. One option would be tral and error. His/her first

iteration would be to compensat: the demand by over-staffing the emergency room with
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doctors and nurses for several weeks. After several weeks. sufficient data would
accumulate allowing the manager to make further iterations by reducing staff size. His/her
primary goal is the providing of adequate service with minimum patient waiting over a
twenty-four hour period. After several months, the manager will achieve the service he/she
desires. Unfortunately, with a changing environment and the practice of fluctuating staff
size being economically unfeasible, the manager will view trial and error methods as a less
than optimal approach. The following scenarios will illustrate how simulation is a far
superior method than trial and error.

The first scenario will analyze the aforementioned trial and error method in that the
manager approaches the problem by over-staffing the emergency room. During a one week
period, ten beds, four nurses, and four doctors will be available full time to treat the
patients in the emergency room. This simulation will show a gross under-utilization of the
facilities. However, the simulation will provide the best service available and can be used
as a point for other simulations. The second simulation will be a compilation of several one
week simulations. Many “what if” scenarios will be simulated by varying the number of
servers and beds available. Each change will be based upon the utilization and queuing
results of previous scenarios. The goal of the second set of simulations is to obtain an
optimal balance between adequate service and server utilization in a hospital emergency
room. Also, another criterion will be to ensure that few patients wait for the use of a bed.

For all scenarios, the patient arrival rate was based upon a Poisson distribution with
mean arrival rate varying during the day as shown in Figure 5.5. Treatment time was the
same for each nurse and doctor and modeled upon a uniform distribution. The distribution
of time varied by patient’s category with a lower, upper, and standard deviation as shown

in Table 5.1. Within the spreadsheet model, all of these values are inputted by the user and
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can be changed to reflect actual data. To allow comparability between scenarios, only the
numbers of beds, nurses, and doctors are altered.
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Figure 5.5: Patient Arrival Distribution

TABLE 5.1: PATIENT CATAGORIES AND TIME DISTRIBUTIONS

Patient Description % of Total Lower Upper Standard
|_Category Deviation
1 Open Wounds ] 0.25 035 1.0
2 Closed Injuries 13 0.20 0.30 1.0
3 Muitiple Trauma 33 0.15 0.25 1.0
4 Visceral Complaints 20 0.10 0.20 1.0
5 Chronic Complaints 26 0.05 0.15 1.0

1.  Full Services with No Optimization
As one would expect, under a full service environment with the given patient
arrival rate as depicted in Figure 5.5, an under-utilization of the emergency room’s

facilities occurs as shown in Table 5.2. To understand the utilization rate of the emergency
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room facilities, one must understand the simulation model. The model is designed to seek
the nurse or doctor who has been without a patient for the longest amount of time resulting

in the patient load being relatively evenly distributed among the staff. Having staff only

TABLE 5.2: SCENARIO 1—SERVER UTILIZATION

Nurse Utilization Doctor Utilization Bed Utilization
1 17.65% 1 14.79% 1 38.37%
2 7.03% 2 12,96% 2 19.07%
3 11.75% 3 10.66% 3 5.88%
4 11.49% 4 13.39% ) 0.82%
5 0.13%
6.7.8.9.10 0.00%

utilized less the 19% of the time is not economical to the hospital. For bed utilization, the
model tries to fill whichever bed in not in use starting with the first bed and progressing to
the tenth bed. Therefore, from Table 5.2, one can observe that only five beds are required
with the fourth and fifth being used less than 1%. Table 5.3 provides other pertinent
statistics of the full service queuing model . All show gross under-utilization of facilities.

TABLE 5.3: SCENARIO 1—SYSTEM UTILIZATION

Average Patients in System 1.125 Patients
Maximum Time in System 28.53 Minutes
Average Registration Queue Length 0.00 Patients
Average Time in Registration Queue 0.00 Minutes
Maximum Time in Registration Queue 0.00 Minutes
Percent Who Wait for Registration 0.00 %
Average Bed Queue Length 0.00 Patients
Average Time in Bed Queue 0.00 Minutes
Maximum Time in Bed Queue 0.00 Minutes
Percent Who Wait for a Bed 0.00 %
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From this simulation, the manager can understand much about the behavior of
the system that will be used in further simulations. First, reduce the number of beds
available from ten to at least five. One must be careful though because as the number of
servers is reduced, the bed usage will correspondingly increase. The second behavior is the
utilization of nurses and doctors. From this simulation, a manager can reduce the available
resources by at least one nurse and one doctor. Ideally, he/she can reduce the staff to one
nurse and doctor during off hours with augmentation of two or three of each during peak
hours. All of these “what ifs” will be analyzed in the next section.

2.  Limited Service with Optimization

The following scenario is a product of several “what if” scenarios. This
process took several hours of computer time but it is still significantly more economical
than trial and error methods over several months. The final values of utilization for nurses,
doctors, and beds are based upon the author’s judgment of what is believed to be an
optimal solution. A professional hospital administrator would be able to apply this model
to an actual hospital emergency room to which he/she could achieve an optimal solution
based upon his/her expertise.

The final number of nurses, doctors, and beds that were modeled was two, two
and five respectively. A nurse and doctor were available twenty-four hours a day while a
second nurse and doctor were assigned during peak hours from 0800 to 1600. The five
beds were available during the entire twenty-four hours. Table 5.4 presents the utilization
of the emergency room facilities. The nurse’s and doctor’s utilization increases
significantly from the first scenario but they are not over-utilized. Table 5.5 presents the
statistics for the queuing environment. The length of time in the system along with the
number of patients in the system increased but not to unreasonable values. Additionally,

nobody had to wait for a bed and that was one of the criterion of the system.
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TABLE 5.4: SCENARIO 2—SERVER UTILIZATION

Nurse Utilization Doctor Utilization Bed Utilization
1 38.62% 1 40.35% 1 42.78%
2 30.70% 2 33.89% 2 23.31%
3 6.71%
4 1.14%
5 0.36%

derived. These values are based upon a one week scenario derived from probabilistic data.

TABLE 5.5: SCENARIO 2—SYSTEM UTILIZATION

Average Patients in System

Maximum Time in System

Average Registration Queue Length
Average Time in Registration Queue
Maximum Time in Registration Queue
Percent Who Wait for Registration
Average Bed Queue Length

Average Time in Bed Queue
Maximum Time in Bed Queue

Percent Who Wait for a Bed

1.354 Patients
72.05 Minutes
0.106 Patients
1.992 Minutes
35.800 Minutes
31.21%

0.00 Patients
0.00 Minutes
0.00 Minutes
0.00 %

Even with the above results, a manager must understand how those resuits are

Therefore, there is a range of randomness that exists which can cause some values to

fluctuate. In Figure 5.6, the number of total patients in the system is illustrated. A number

of peaks exist which do not necessarily correspond to the patient arrival rate as illustrated

in Figure 5.5 or the number of nurses and doctors available. With probabilistic scenarios,

patients will sometimes arrive only a few minutes apart leading to a temporary overload of

the servers resulting in queues. This is the cause for a number of the peaks shown above.
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Therefore, like an inventory management system, a hospital manager can include safety
buffers within his/her ideal solution. Extra beds could be positioned in the emergency room
and nurses and doctors can be put on call to handle unexpected increased workloads.

Even with an understanding that simulation methods do not produce a perfect

answer, simulation does provide guidelines and an understanding of the behavior of a
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Figure S.6: Patients in the Hospital Emergency Room

queuing system. Instead of the expensive approach of trial and error, a manager using a
queuing system can apply simple modeling techniques to understand the behavior of a
system and arrive at a plausible solution. Juxtaposing the solution with the manager’s
professional expertise will result in the optimal policy for a queuing environment. The next
chapter will demonstrate how a manager can not only use spreadsheet simulation for

inventory and queuing problems but also for approaching complex financial dilemmas.
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V1. FINANCIAL BUDGETING

The previous two chapters focused on how spreadsheet simulation can be employed
to resolve two very specific resource allocation predicaments: inventory distribution and
queuing utilization. Not all managers will be confronted with either of these unique
management dilemmas. However, virtually every manager is faced with the prospect of
justifying his/her need for financial resources in the future. In cdrporate America and the
Department of Defense, financial capital is a scarce resource that must be pleaded for and
then allocated within an organization. The allocation justification process is an estimate,
often itemized, of expected income and expense for a given period in the future or more
succinctly known as financial budgeting. Estimation is the relevant term in the definition
of budgeting that lends financial budgeting as an apropos subject for the discipline of
simulation. Thus, this chapter will focus on resource allocation as it pertains to financial

budgeting which is another facet of a successful manager’s prowess.

A. THEORY

The creation of a financial budget is an integral part of any organization that will be
confronted by every manager who is responsible for financial capital. The manager’s
performance is frequently judged upon his/her ability to submit a budget to management
and then stay within its limits. Therefore, the methods employed by a manager when
designing his/her segment of the budget is crucial to his/her viability as well as to the
organization. Unfortunately, many aspects of budget formulation are not easily quantified.
Interrelationships among cash flow items are not always clear, the operating environment
is often turbulent, and predicting the future based upon historical data, trends, and

managerial judgment are just a few of the factors that must be considered when a manager
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takes on the task nf budget formulation. So how does a manager create a budget and how
can spreadsheet simulation simplify his/her quandary?

This chapter will assume that the reader understands basic budgeting methodology
as only a few budgeting concepts that are relevant to the discussion will be introduced.
There are essentially three levels of budgeting complexity [Ref. 2:p. 80]. The first is the
most simplistic and is the foundation for the other two levels. This foundation level of
budgeting is applicable to situations that entail little uncertainty in quantifying income or
expense and in predicting the future. The manager will often employ a spreadsheet to
develop the budget. He/she will categorize income and expenses onto the spreadsheet and
project into the future. The summation or bottom line for the year constitutes the
manager’s budget. Therefore, the manager is using simple deterministic estimates to
create a budget. This is called line item budgeting in the t .siness world. This method is
frequently appropriate for many situations within a business. However, with more factors
considered or a larger fraction of the business included in the budget, the line item budget
becomes too inaccurate. Management will then cross into tae second level of budgeting.

The second level of budgeting increases in complexity because it employs
mathematical relationships to quantify interactions between variables. By identifying
casual relationships, the manager accounts for important functional relationships among
variables and significantly incr .ases the accuracy of his/her budget. Mathematical
relationships between different aspects ~f a business vary but are often segmented into
fixed and variable costs. Fixed costs are similar to values used in line item budgeting,
They are those that are part of the production expense that will occur even if no products
are produced such as equipment depreciation. Thus, fixed costs do not vary during the
year and are easily quantified. However, with variable costs, the manager’s experience

becomes a factor. An example of a variable cost is the expense of producing one product
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such as the materials within the item. The manager’s experience is required for variable
costs because he/she must predict how many products will be produced. However, similar
to line item budgeting the values that are included in formuiation of the budget are stiil
deterministic. Thus, the prediction about the future fails to quantify the uncertainty
relating to the future. This is the key weakness of this method of budgeting. To resolve
this dilemma, a manager will evoke the third level of budgeting.

The third level of budgeting is the most complex and is the point where spreadsheet
simulation becomes essential to the solution. The third level employs probabilistic
techniques to quantify uncertainty associated with future events. The remainder of this
chapter will focus on how a second level spreadsheet budget can be augmented by
simulation for a more realistic budget. However, there will never be a 100% correct
answer because one can never fully predict the future.

To understand how simulation can be of benefit to the manager in the budgeting
process, one 1aust first be introduced to Monte Carfo methodology. The Monte Carlo
technique can be defined as a method where a stochastic variable is assigned a value for
use in a calculation by drawing a random value that is correlated to the probability
distribution of the vanable.

The Monte Carlo concept is best comprehended by a simplified example. A
manager is requested to estimate sales of a particular product based upon his/her collective
experience. He/she provides an optimistic prediction of 1000 units and pessimistic value
of 500 units with a uniform distribution between these extremes. From this information, a
uniform distribution is created that can be used in a Monte Carlo simulation. The
pessimistic value is assigned a value of zero while the optimistic value is assigned a value
of one. A random number is then generated between zero and one. If the random number

was 0.3, a ratio between 500 and 1000 units will results in 650 units of sales.
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The above example is a simplistic example of the Monte Carlo method but it
illustrates the essential steps. First, a probability distribution is assigned to the variable of
interest. There are several distributions to choose from such as uniform, triangular,
normal, Poisson, and tabular to name a few. What distribution is best must be determined
by collecting previous data that is normally surmised into a frequency distribution that can
be correlated to an appropriate distribution. An appropriate caution must be stated before
preceding any further. A significant assumption has been made when assigning a
probability distribution based upon historical data. Monte Carlo methods are founded
upon the assumption that the historical data with its corresponding distribution are in fact
a true representation of the variable’s interaction in the past and can be projected into the
future. Otherwise, the model will produce resuits that are misleading and of no benefit to
the analysts.

If the variable of interest is not quantifiable with past data, the probability
distribution must originate from the manager. He/she must either estimate what he/she
believes are the pessimistic, optimistic, and most likely values or chance occurrence for
each range of possible values for each vaniable. This is not an easy task but it surpasses
the alternative methods of intuition or trial and error.

The second step of the Monte Carlo method is to assign the probability distribution
a corresponding range of values from zero to one. The third step is to generate a random
number from zero to one that is then applied to the probability distribution for a
corresponding value that is then used in further calculations.

The fourth step is to perform steps three and four several times to allow the law of
averages to work. The result is a range of values for the value of interest or objective
variable such as total budget, net present value, etc. This range of values is then tabulated

into a frequency distribution from which further analysis can be performed The frequencv
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distribution is the paramount benefit of the Monte Carlo technique. Instead of one
deterministic result, a range of values is presented to the manager that give the probability
of achieving the objective. Thus, the manager can make a budgetary decision with
significantly more confidence than the deterministic approach.

Thus, Monte Carlo methods offer several benefits to the manager when he/she is
confronted with a complex financial budgeting dilemma. He/she can assign due weight to
uncertain quantities and relationships vice relying totally on one deterministic value.
Additionally, he/she has more information from which to base his/her decisions.
Furthermore, Monte Carlo methods are relatively inexpensive to perform and can be easily
adapted to a computer spreadsheet from which most budgets have their origins. The next
section will discuss how a spreadsheet can be programmed to perform Monte Carlo

simulation.

B. MONTE CARLO SIMULATION

A computer spreadsheet is relatively easily programmed through a macro to employ
the Monte Carlo methods. The macro that was created with Excel 4.0 is much less
intricate than the two previous chapter’s macros and required the least amount of time to
create. The only real difficulty encountered during programming was the creation ot a
method for the macro to be dynamically finked to the worksheet through variable names
and cell reference without explicitly using the worksheet’s name so as to make the macro
applicable to any appropriate spreadsheet. Therefore, the Monte Carlo macro is
fundamentally different from the inventory distribution or queuing utilization macros and
can be applied to any spreadsheet that has probabilistic parameters with a desired
objective. The macro has more applications than just financial budgeting and this makes it

the most universal of the three macros developed during this study.

60




A caveat must be understood before discussing the model. Monte Cario simulation
is not simulation in the same sense as inventory or queuing simulation. When a manager
employs Monte Carlo methods, the results of the simulation are a frequency distribution of
possible eventual outcomes that can be analyzed and used for decision analysis. However,
this method does not demonstrate the behavior of the system as it changes over time
which is the essential element of the previous two chapters. Therefore, Monte Carlo
simulation is not true simulation but instead a sampling technique for determining
probabilistic values for a crucial variable. These values can then be used in a true
simulation mode! for a more realistic behavior analysis.

The development of the Monte Carlo macro begins with a flow chart that identifies
key interactions within the model. Figure 6.1 depicts the events in the macro that begins
with the identification of essential parameters and retrieval of data from the worksheet if it
was previously saved. The next chain of events is to assign probabilistic variables on the
spreadsheet with a respective probability distribution. Four distributions are offered in the
macro: uniform, triangular, normal, and tabular. Excel 4.0 is capable of several other
distributions that can be programmed into the macro if so desired.

The next sequence of events is the heart of the Monte Carlo method. A random
number is generated for each variable that is used to determine the variable’s value from
its corresponding probability distribution. After all variables have been assigned a value,
the objective variable is recorded and relative frequency data is tabulated. This process
repeats itself for the number of iterations chosen by the analyst.

Once the iterations are complete, the model transfers input data and the output
statistics for further analysis to the worksheet if desired by the analyst. The worksheet is
also returned to its original state by changing the manipulated variables to their original

values. The Monte Carlo analysis of a worksheet is then complete.
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Key to the accuracy of the simulation is the number of iterations that were
performed by the macro. There are no rules of thumb or mathematical methods for
determining the number of iterations required to achieve accurate results. However, a
method can be employed to ensure that results are consistent. First, the simulation is
performed with a few iterations around a wide range of possible objective results. The
resultant upper and lower limit from this limited simulation is then used in the next
simulation run in which significantly more iterations are performed. A third run using
more iterations is then compared to the second run. The frequency distribution
comparison of each run should not be significantly different when plotted on the same
axis. If they are, more iterations are required until the distributions are relatively equal.

With a Monte Carlo macro developed, the manager is ready to embark upon
financial budgeting using Monte Carlo methods. To apply the macro, a few concepts must
be built into the worksheet which contains the budget information. First, all essential
variables that affect the objective must be included on the worksheet. Second, for each
essential variable, it must be classified as either state, policy, or environmental. State and
policy variables are not pertinent to the Monte Carlo macro. Environmental variables are
the variables for which a probability distribution must be determined and modeled by the
Monte Carlo method. The third step is to create the worksheet based on the previous two
steps. Essential to the creation of the worksheet is to ensure that all variables and the
objective are linked by formulas. Thus, as the environmental variables are changed by the
macro, the objective also changes and statistics can be generated.

The above concepts are required for the proper execution of the Monte Carlo
macro. The macro will perform the simulation with any worksheet designed in this
manner. It does not have to be a financial budgeting scenario. Also, if one understands

how the macro interacts with the worksheet, he/she can speed up the initial vaniable entry
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process. The macro communicates to the user through dialog boxes. For each variable, a
dialog box requests either the variable’s cell location or name. The name function on the
dialog box provides a list of all names for the worksheet. Thus, by naming all the
environmental variables, the analyst does not have to search though the worksheet to
locate a cell reference.

The Monte Carlo method and macro have now been introduced. To fuily appreciate
the benefits that can be rendered by these techniques, a financial budgeting scenario is

modeled and simulated in the next section.

C. SCENARIO

The Department of Defense application of the Monte Carlo simulation method that
was analyzed was the 1974 through 1976 budget of the Civilian Health and Medical
Program for the Uniformed Services (CHAMPUS). All of the information that wiil be
presented is derived from Maassen and Whipple [Ref. 4] and the following analysis does
not attempt to verify or repute the reported results. Additionally, some simplifications
were made to the worksheet so as not to make the model too complex.

Illustration 6.1 shows the budget for CHAMPUS as estimated for 1974 through
1976. A simplification of the derivation of the values included in Hlustration 6 1 is present
in Illustration 6.2. The 54 shaded areas on Illustration 6.2 are the environmental vanables
that are linked to Illustration 6.1 by the italicized variables. They affect the total budgeted
obligation on Illustration 6.1 which is the objective value. The methods which the Navy
used to derive these values are rudimentary and therefore lead one to question their
accuracy. Additionally, the derivation of some of the values was not explained by
Maassen and Whipple [Ref. 4].

For the straight line projection environmental variables, the values are based upon a

determination of the percentage change that occurred during the previous year, 1973 No
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forecasting techniques were employed and the projection was held constant during the
three years that were estimated in the budget. Inflation is also based upon a one year
trend. The inflation that was experienced during 1973 was calculated and projected to be
the same during the next two years with no inflation in the last year. The methods from
which population was calculated were not provided by the reference.

The Monte Carlo financial budgeting scenario was performed by assigning
probabilistic distribution to the forty-eight variables with total obligations as the objective.
Since neither historic data nor CHAMPUS manager experience was available, there was
no accurate method to determine appropriate distributions. Instead, reasonable variations
around the actual values were used with uniform, triangular, and tabular distributions.
This method demonstrates how a spreadsheet and Monte Carlo method can be applied for
financial budgeting which is within the scope of this thesis. There was no attempt made to
design a better CHAMPUS financial budgeting system which would require an anlaysis of
sufficient historical data.

Figure 6.2 presents the frequency distribution for 500 and 750 iterations. The
distribution appears reasonably stable thus sufficient iterations were performed. The
distributions do not reflect any resemblance to factual data since the inputs were only
theorized. However, Figure 6.2 does show the benefit of Monte Carlo simulation.

Instead of the deterministic values of $527,383 as provided in Illustration 6.1, a range of
values is depicted. For example, there is approximately a 80% chance that total obligation
will exceed $580,000 while only a 20% chance that it will exceed $780,000. Furthermore,
even though the inputted values are not factual but only a variation of the detcrministic
values, the probability of achieving a budget of $527,383 is less than 10% in this scenario.

This may explain why CHAMPUS consistently exceeds budget every year. The benefit of
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Figure 6.2: Total Simulated Obligations
this information is enormous. A manager does not have to base his/her judgment solely
upon a single value but instead can weigh the probability of achieving a goal based upon a
frequency distribution.

This scenario illustrates the benefit of Monte Carlo simulation in financial budgeting.
As stated previously, this macro can aiso be applied in many other resource allocation
scenarios. i is applicable to situations that involve uncertainty that can be reasonably
quantified such as capital investment scenarios. The next chapter presents the summary
and conclusions for this simulation method as well as the previous two chapters’

simulattons.
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VII. SUMMARY AND CONCLUSIONS

The overall purpose of this study was to explore the possibility of applying digital
computer spreadsheets as a sophisticated tool for resolving resource allocation enigmas.
This involved a general discussion of simulation as a resource allocation tool and the
methodology required to adapt a spreadsheet as a viable simulation device. To illustrate
spreadsheet simulation, three separate and unique resource allocation scenarios were
analyzed.

An inventory distribution system was the first allocation dilemma that was
simulated. Several spreadsheet macros were created to fully analyze the behavior of the
complex system. Microsoft’s Excel 4.0 was fully capable of the simulation task and many
techniques that were created were used in the next two scenarios.

The second scenario was a queuing utilization analysis of a hospital emergency
room. This model proved to be the most difficult to adapt to a spreadsheet due to the
requirement of maintaining a vast data base on present and past events. However, through
creative programming techniques, the spreadsheet was also capable of queuing simulation.

Financial budgeting through Monte Carlo methodology was the final simulation
scenario analyzed. Adapting the spreadsheet for this scenario was the least difficult of the
three. The result of Monte Carlo simulation is not true simulation as the produced resuit
is a probability distribution vice a system behavior analysis. However, the Monte Carlo is
the most adaptable of the three models as it is not as specific in design as the previous two
models. It can be applied to a wide variety of resource allocation models.

Simulation methodology for resource allocation is no longer limited to those who

have access to simulation specific computer software. Spreadsheets, that are available to
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virtually every manager, can be programmed in simulation methodology to anaiyze all but

the most complex resource allocation enigma.
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APPENDIX A

INVENTORY DISTRIBUTION OUTPUT AND MACROS

SCENARIO ONE—ONE WAREHOUSE, NO USER INVOLVEMENT

Initial Data Dealer Warehouse Dealer
Beginning Inventory 50 50 100
Reorderr/Begin Production Level 25 25 35
Stop Production * * 100
Amount Order/Rate of Production 25 25 30
Holding Cost $0.10 $0.10 $0.10
Order/Setup Cost $20 $20 5100
Shortage Cost $50 $50 $50
Inventory

Inventory Level
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SCENARIO 2—THREE WAREHOUSES, NO USER INVOLVEMENT

Initial Data Dealer Warehouse Dealer
Bzginning Inventory 50 50 100
Reorder/Begin Production Level 25 25 35
Stop Production * * 100
Amount Order/Rate of Production 25 28 30
Holding Cost $0.10 $0.10 $0.10
Order/Setup Cost $20 $20 S100
Shortage Cost $50 S0 $50
Inventory
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Backorder

Backorder Level
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SCENARIO 3—THREE WAREHOUSES, FULL USER INVOLVEMENT

Initial Data Dealer Warehouse Dealer
Beginning Inventory 50 50 100
Reorder/Begin Production Level 25 25 35
Stop Production * * 100
Amount Order/Rate of Production 25 25 30
Holding Cost $0.10 $0.10 £0.10
Order/Setup Cost $20 $20 $100
Shortage Cost $50 $50 $50

Inventory
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SCENARIO 4—THREE WAREHOUSES, JIT ENVIRONMENT

Initial Data Dealer Warehouse Dealer
Beginning Inventory 50 30 100

. Reorder/Begin Production Level 25 25 35
Stop Production . * 100
Amount Order/Rate of Production 25 25 30
Holding Cost $0.10 $0.10 $0.10
Order/Setup Cost $20 §20 $100
Shortage Cost $50 $50 $50

Inventory
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INVENTORY DISTRIBUTION WORKSHEET
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MASTER DISTRIBUTION MANAGEMENT MACRO
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= COPY(OFFSET(DEALER YLM!ST34 Dxy.4).0FFSET(SNSA Dey.1 71) "Holding C ot Denter
IE = COPY(OFFSET(WARE-1 XLM'ST34.Dey 41.OFF SET(SNSA Dey. 180 B Werehouse- |
/= COPY(OFFSET(WARE-2 XLM'ST34 Dy, 4).OF FSET(SN34.Day. 190 Wareheuse 1
n T=_COPY{OFFSET(WARE-3 XLM"ST34 Dey.4).OFFSET(SNSA Day.200) Wervheme 3
m = COPY(OFFSET(FACTORY XLM'SN$4 Day.4).OFFSET(SN3A Dey.21) ! Factory
= _COPY(OFFSET(DEALER XLM!ST34.Dwy.3).OFF SET(SNS4 Dwy.22)) Ordeving Cout Denlor
! = COPY(OFFSETCWARE-1 XLMTST34.Day.3).0FFSET(SNS4 Duy.23) 1 Worvhouse |
14 = COPY(OFFSETTWARE-2XIM1ST34.Dwy 3\ OF FSETISNS4 Dey.24) ! Warchowe 1
1 = COPY(OFFSETCWARE-) XLM"STS4 Dwy.3) OFFSET(SN34 Dey.25) T Warehouse-
5 = COPY(OFFSET(FACTORY XLM'SN34 Dey3).0FFSET(SNSA Dey.26)) Setup Comt Foctery
4 = COPY(OFFSET(DEALER XLM'ST34 Dey.8).OFF SET(SNS4 Dwy.27) "Totni Cout Devier
o = COPY(OFFSET(WARE-1 XLM 3134 Dy.6).OFFSETISNSA Day.28)) 7 Warehouse 1
K |« COPY(OFFSETCWARE-2 XLM"ST34 Dav.6). OFFSET(SNS4 Dev 291 ] Warehowe 1
s = COPY(OFFSET(WARE-3 XLM'$T34 Dey.6).OFFSET(SNSA Day 30N Warvhouse 3
2 = COPY(OFFSET(FACTORY XLM!SN$4 Dyy.6).OFF SET(SNSS Dey31)) Factory
=RETURND Add other p \f Dewred
b N

Dots Trensfes Reatine

Trewler Duta to Worksheet

=COPY( Data MASTER T XLS TSAGIA OF FRETCMASTER T 03 TAQHA (Rarvoons+ Startug_iarstsone™ 1) 317)

=COPY(DEALER, kventory MASTER-T.XLSTBY3)

i
" Trana(er istial Values to Workahaes

=COPY(DEALER XLM'Rsorder_Powi, MASTER-T XLSTBY4)

}

=COPY(DEALER XLM'Reordw_Quanuty. MASTER-T.XLS"BY6)

MASTER-T XLS1CAS)

M'Reorder PM’MAS’TE]-T AI'CMY

T=T.
! el el

M Reordw _Cuantiy MASTER-T.XLS"CAS)

y o
i

M'Holdng Cost MASTER-T.XLS"CAT)

) M*Cost_Order, MASTER-T XL3"CAR

(=COPY(WARE -2 XLM 'Shortauge_Cosl. MASTER-T XLS"CA9Y

COPY(WARE-) XM Brpmung_invenory, MASTER T XLS"CBI)

=COPYUWARE- 3 XLM'Reorder Poirt. MASTER-T XLS"'CB4)}

=COPYUWARE-§ XLW 'Reorter umeity MASTER-T X15CB61

A

SCOPYCWARE 3 XM Hoiding "o MASTER.T XLS"CBT)
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L
|_Cormemands Tcomments

T-T-1-1

. =COPY('WARE-} XLM!Cor_Ovder. MASTER-T XIL.S"CB#) l

T=COPY(WARE-3 XEM''Shortase Cow MASTER-T X1LS"CB9)

T=COPY(FACTORY AMB g_Unvensory. MASTER -T XLS"CC31

| =COPY(FACTORY XLM'Bemn_Producuon_Level, MASTER-T XLS"CC4)

|=COPY(FACTORY . XLM'Stop_Production_Level. MASTER-T XLS"CCS)

T=COPY{FACTORY XL} Rae. MASTER-T X15''CC6)

*COPY(FACTORY XLM'Holding_Cost. MASTER-T XLS'CCT)

aCOPY(FACTORY XLM'Serup_Cost. MASTER-T XLS'CC8}
T

=COPY(FACTORY XLM!Shoruage Cosl MASTER-T.XLS"CC9)

=DEF INE.NAME( Master_Dwy” MASTER-T.XLS"SAQ$4 OFFSETCMASTER-T X137 SAQSA MASTER XLMTotal_Rerstions: Detine Namey for Graphs

=DEFINE.NAME(Desler_Demand” "MASTER-T XLS"SARS4 GFFSET(MASTER-T XLS"SARSA MASTER XLMTowl_Nerst
=DEFINE. NAMEI Dot I"-MASTER T, OFFSET(MASTER:T XLSTIASIA MASTER XLM'Total_Rerstionm.0))

wchow,_|_ T MASTER T XL SATIA OFFSETCMATTER-T.X0S"SATIA MASTER XLMTotel_Raws

=OEFINE.NAMECW! A . X
SDEFINENAME Warchouse 2 " "MASTER-T XLS"SAUSA OF FSETUMASTER- T XLSTSAUSS MASTER XLM(Toxal_Rarm
. X

NAME(Foctory_" MASTER-TXLI"SAWS4:OFFSE TTMASTER T XL3 ' SAWSA MASTER XL M Total_Derations,

=DEFINE | wwhouss 3" MASTER-T. XLS13AVI4 OFFSETIMASTER-T. XLS7SA V4 MASTER XLMITotat_Rarst
=DEFINE.

BO”. MASTER-T XL$7SAXS4 OF FSETCMASTER - T. XLS"SAXE4 MASTER. XLM(Totad

BO™ MASTER-T.XLS"SA Y34: OFFSETMA! irn-n 1S1SAYSAMASTER XLMToiad_[ta

2 BO STER-T.XLS1SAZI4: OFFSETCMASTER -T. XL 1SAZSA MASTER X1 M Total_Der|

>
g STER-T.XLS"$BAS4 OFFSET(MASTER-T.XILS"SBASA MASTER XIM!Tolsd_Rte

"MASTER-T XL3"$88%4 OFFSETUMASTER - T. XLS7SB8$4 MASTER. XL M Total

LSTIBIT4 MASTER X3 M Towsl_Bief

" XLS"$SBT34 MASTER XIMTotsl B |

" XLS"$BUSA MASTER XXM Totai_0{

"Factory Cos” MASTER-T XLS"SBV34 OFFSET(MASTER-T XLS"$8VS4 MASTER XLM'Towd Nerstso |
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E Fl G| H 1| J | K L
| 1 [DIALOGS | i ; |
23 Hnpat: Bo | ‘ ;
24| {121 173 1926 [335 |Initial lteration and Policy Variables Daj i
253 i816 (21 |88 'DONE ] |
26 [13 18 130 Ask for Individuai Data During Iteratio [FALSE | Prompt_Individual
27113 18 {32 Change Daily Dealer Demand 'FALSE  ;Change_Dealer_Demand
28 |13 18 |7 Allow Screen Updating (Slows Simulati|FALSE  |Screen_Update
2915 43 |80 Number of Warehouses (MAX 3)
307 13 (77 17 3 Warehouse_Number
3114 410 |11 |348 [96 |lterations During Simulation
32013 Prompt for Each Time lteration FALSE _ |Prompt_lieration
33|13 Run a Startup Iteration FALSE |P_Start lteration
3415 442161 Number of Iterations
8|7 684 |54 [0 E] Tterations
36 {5 442 (80 Number of Startup Iterations i !
37|17 684 {78 |50 10 Startup_Iterations
3814 18 (151 [279 [169 |Dealer Policy Variables | |
39]s 28 (173 Beginning Inverttory | !
4017 200 (171 |75 150 'Dealer_BI
415 28 |198 Reorder Level | .
217 200 [195 |78 |25 Dealer RL
43 (5 28 222 Reorder Quantity ) j
M7 200 [219 [75 125 {Dealer RQ
4515 28 1246 | Holding Cost i i
168 1200 [243 (75 | 0.1 _Dealer HC
4715 128 1268 ! 'Ordering Cost : .
488 200 [266 |75 | | 120 “Dealer_OC
4915 28 |289 Shortage Cost i :
50 3 200 1289 |75 50 iDealer_SC
51{14 311 {152 [279 (168 |Warehouse Policy Variables | ‘
s2|s 321 {174 T Beginning [nventory i !
53 {7 496 (172 (75 ; 150 ‘Warehouse_BI
541s 321|199 Reorder Level : |
557 496 1196 |75 125 | Warchouse RL
56 |5 321 (223 Reorder Quarttity !
57)7 496 220 |75 23 ‘Warehouse RQ
585 321 1247 'Holding Cost | i
59 |8 496 244 75 i 0.1 Warehouse HC
60 [5 1321 '269 ! Ordering Cost ‘
6118 496 267 75 ' 20 Warehouse OC
62[5 1320290 . “Shortage Cost ‘
63 |8 1496 (290 175 IS 50 ‘Warehouse_SC
64 [14 603 (129 (301 [191 [Factory Poiicy Variables
65 |5 613 {149 | Beginning Inventory
66 (7 810 [145 |75 100 Factory_BI
6715 613 [173 Start Production Level
68 |7 810 [171 |75 35 Factory_Start
69 [5 613 1198 Stop Production Level
70 |7 810 [195 [75 100 Factory_Stop
s 613 1222 Factory Production Rate
727 810 [219 |75 30 Factory Rate
7315 613 1246 Holding Cost
74 {8 810 243 [75 0.1 Factory HC
78]s 613 [268 Setup Cost
76 |8 810 (266 |75 100 Factory PC
7715 613 (289 Shortage Cost
78 (3 810 (289 173 1 50 Factory_SC
79 (2 817 1S1 38 ‘Quit r !
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g {F{G | d | 1 | J T K | L
1 IDIALOGS ] . | I )
81 {In 3 ] !
82 1245 121 ;487 !'200 ;Change Dealer Demand
83 |3 1382 119 [88 ! DONE T
8414 122 {14 308 1171 | Daily Dealer Demand !
85I ' | | S i Daily_Demand
8612 54 21 |0 1§
87 {12 1
838 [12 2
89 {12 3
90 [12 4
91 [s 99 131 Demand
92 |8 104 |53 a6 4 Demand 0
938 106 (77 |46 ] {Demand_1
94 8 106 {100 |46 6 Demand 2
958 106 [123 146 7 Demand 3
96 |8 105 (144 146 8 Demand_4
97]s 201 {31 | Frequency
9815 l 1
99 (8 214 152 146 20 i Demand_Freq_0
100(8 214 {76 146 20 "Demand_Freq_1
101]8 215 198 |46 20 Demand Freq_2
102(8 215 1121 {46 20 | Demand_Freq 3
103]8 215 143 a6 20 |Demand_Freq 4
1042 382 150 88 Quit | i
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DEALER MANAGEMENT MACRO

A B C
1 |names Commsnds comments
2
3 Summary Informatioa
[ 4 Title: Wareh # 3 Managy Macro
8 {Version: vl.0
6 {Author Dixon Hicks
7 |Corporation: Naval Postgraduate School
8 jCrearion Date: Wednesdsy, Jarmuary 20, 1993
9
10 {CommandW indow C dWindow —
=F(MASTER XLM!First_Ii TRUE) Start Warehouse Macro
SET.VALUE(Beg) i y,MASTER. XI.M!Warehouse BD Set [nitial Vansble

SET.VALUE(Prompt_Reorder FALSE) _

SET.VALUE(Prompt_Cruantity,FALSE)

SET.VALUE(Reorder_Pount MASTER. XLM!Warehouse RL)

SET.VALUE(Reorder Quantity, MASTER. XLM!Warehouse RQ)

SET.VALUE(Holding_Cost MASTER. XI.M!Warehouse HC)

SET.VALUE(Cost_Order, MASTER. XLM(Warehouse OC)

SET.VALUE(Shortage_Cost MASTER. XLM!Warehouse_SC)

SET.VALUE(Lead _Time,5)

SET.VALUE(Dey,0)

SET.VALUE(Shipment,0)

SET. VAL UE(Order,0)

SET.VALUE(Back_Order,0)

SET.VALUE(Total_Cost.0)

SET. VALUE(Total_Hoidng_Cost.0)

SET.VALUE(Total_Order_Cost,0)

SET. VALUE(Total_Shortsge _Cost,0)

SET.VALUE(Recetwved Order,0)

SET.VALUE(Reorder.FALSE)

SET.VALUE(Make Order FALSE)

SET.VALUE(B128.0)

SET.VALUE(B129.0)

SET.VALUE(BI 30.0)

SET.VALUE(B131,0)

SET.VALUE(B132.0)

[F(MASTER. XLM!Prompt_Indwvidual=TRUE)

DIALOG.BOX(Input_Box)

User Choose Vanabies

=F(B$64> VLOOKUP(1.Lead Time_Table.d)).2.1)

=[F(B364>( VLOOKUP(2,Lead_Tume_Table.4)),3.1)

={F(B364>(VLOOKUP(3.Lead Time Table,4)).4.1)

=[F(B$64>( VLOOKUP(4.Lead_Time_Table.4)),5.1)

Ran Lead Time =MAX(B55 B68)

= [F(B40=FALSE) 'End Semulation by user
QUIT = ALERT(* lation Cancelied®,3) i
- MESSAGE(FALSE) i
- ACTIVATE("MASTER XLS")
- HALT()
=  ENDIFQ
= END.IF() L
= SET.VALUE(Cwrrent [ y,Begirmung_I: y) Set Cutrent Inventory
= GOTO(Lead_Time_Table) Determme Relative Frequency
$1
52 = SET.NAME("Output_Data* ST34:OFFSET(ST34,(MASTER XLM!Total 1112)) _ |Clear Output Data
£3 =  FORMULA GOTO(Qutput_Dsta, T4)
54 = CLEAR(3)
55 = VSCROLL(1.TRUE)
26 = RUN(WARE-3_XLM!Warchouse_Outpat) Record Imnal Vansbles
57 =END.IF()
53
El
'_:_:_ lojslw
62 |Dey =MASTER XLM!Dey Counter for Reference
63
64 =RAND() Determme Lead Time
65
66
67
68
69
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| C

names

Commands

lcomments

Begin Routlne

~MASTER NLM'Day

Counter for Reference

=RAND()

Determune Daly Demand

={F(B$78% VLOOKUP(0,Demand_Table,4)),Demmand_1.Demand 0)

=[F(BS78{ VLOOKUP(1,Demand _Table,4)),Demand 2,Demand 0)

«{F(BS78 VLOOKUP(2,Demand_Table,4)). Demand 3,Demand 0)

={F(BS$78>( VLOOKUP(3,Demand Table,4)),Demand 4,Demand 0)

sfs[selslele]s]=s]s]a]a]e]afele]s]=] el ]l o] o] 2l ] - |-

DEMAND «MAX/(B75-B82)
=RANDX) D Lead Time
={F(B$85> VLOOKUP(1,Lead_Time_Table.4)),2.1)
={F(BS$ZS> VLOOKUP(2,Lead_Time_Table,4)).3.1)
»{F(B$85>( VLOOKUP(3,Lead Tome Table,4)),4,1)
“[F{B385>( VLOOKUP(4,Lesd Time_Table,4)).5,1) T
Ran_Lead Time 1*MAX(B86.B89) it
T !
=Current i y-Back Order i Fill Backorder if Posmble
=IF(B92>=0,0,ABS(B92)) i Determune Size of Backorder
=IF(B2>0.892,0) - Detertune Change n inventory
1 =B94-DEMAND Fill Demand 1f Possible
| »}F(B96>=0, B96,0) Zero inventory if Newagve
Back Order =[F(B96<0,893+ABS(B96).893) : Backorder f Inventory [nsufficient
100{Current | =B97+Shipm Recerve Shuipment if Present
101 :
102 (={F(MASTER XLMIP Start_lteranon=TRUE,GOTOt Reorder), ) Siap Stant Reorder ? i Stastup
183
104 ___*IF(Prompt Reorder=TRUE} Reorder & Quanaty?
105 1= SET VALUE(K120.Current_Inventory-Back Crder)
106 |= SET.VALUE(K116.Day)
10 i= SET.VALUE(K 118, DEMAND) |
1 _|= SET.VALUE(Make Order.FALSE) _ 1
109 ‘s DIALOG BOX(Reorder Box)
110 ‘= F(BI0O9=FALSE.SET.VALUE(Prompt Reorder,FALSE),) .
11 1= GOTO(Order) , Gote make Order
11 =END.IF)
113
114{Reorder ={F{Current_Inventory<Reorder Powit, IRUE,FALSE) Make Order
118
116/ ={FIMASTER XLMIP Start [teraton=TRUE,GOTO(Order),) Skip Reorder Quanaty ? if Startup
117] ' .
113 ;=IF(Reorder=TRUE) Cuanany”
119) = iFfPrompt_Quannty=TRLE)
120 » SET VALUE(K130,Day)
121 - SET VALUE(K132.DEMAND)
122 - SET.VALUE(K133.Reorder Quanuty)
123 e SET.VALLE(K 134, Carrent_[nventorv-Back Crder)
124/ - DIALOG.BOX(Order_Box)
128] =- IF(B124=FALSE,SET.VALUE(Prompt_Quanaty, FALSE),)
12 - SET.VALUE(Reorder Quantity,K123)
1 = END.IF)
12 =END.IF(;
12!
136{ Order =Reorder_Quantity*Reorder+Amount Order*Maks Order D Qrder Quantity
131
Tﬁ] A R ~RUN(WARE-1. XLM1| FALSE) Place Order &t Wareh
133/
134 =|F(Ran_Lead Time=1,Amount Recerved.FALSE) Accourd for Lead Tune
13! =|F(Ran_Lead Time=2 Amourt Recerved FALSE)
1364 ={F(Ran_Lead Time=3,Amoun: Recerved. FALSE)
137| =[F(Ran_Lead Time=4.Amount Recerved. FALSE)
138} ={F{Ran_Lesd Time~5.Amount Recerved.FALSE) L
139 1
140] Stupment =B141+B134 ;Count Down Ordens by Dav
141 =B8142+8133 !
142 1»B143+B136
143 ‘=8144+8137
144 i=8138
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A 3 [
1 {namex C d comments
2 ;
145 i
146 =[F(MASTER.XLM'P_Start_lterason=TRUE,GOTO(B153),)  Skap Ourput if Startup
147 |
148{Total_Shortage Cost |=Back Order”Shortage Cost+B148 D Costs
149] Total_Holding Cost _|=Current_Inventory*Holding Cost+B149 1
150{ Toral Order Cost | ={Make_Order+Reorder)*Cost Order+B8150
151{Toml_Cost =B148+B149+B150
152
153 =RUN(DEALER XLMIDeaier Output) Record Dewred Vanabl
1
158| =RETURNQ
159{ Doaler_Output =FORMULA(Dsy,OFFSET(STS4,Day,0) Dey
1 =FORMULA(Current ory. OFFSET(3134.Day. 1) Tnventory
161 =FORMULA(Back_Order, OFFSET(ST$4,Day.2)) | Back_Order
162 =FORMULA(Total_Shortage_Cost OFFSET(ST34.Day,3)) Tetsl_Shertage Cost
=FORMULA{ Total_Holding_Cost OFFSET(3T$4,Day,4)) Totsl_Helding_Cest
164 =FORMULA(Total_Order_Cost,OFFSET($T$4.Day.$)) Tecsl_Order_Cost
165| =FORMULA(Total Cost OFFSET(ST$4.Dey.6)) iTetal_Cost
166} =FORMULA(DEMAND,OFFSET($T$4.Dsy. 7)) | Demmand
167} ~FORMULA(Ran_Lead_Tume,OFFSET($T34.Day,8)) Random Lead Time
68 ~FORMULA(Order.OFFSET($184.Day.9) "Ameunt_Order
69| ~FORMULA{Make_Order OFFSET(ST$4.Dsy,10)) Maks Order
70( =FORMULA(Reorder, OFFSET($T$4.Day, 11)) TReorder
171 = FORMULA(Shipment, OFFSET($T34,Day. 12)) |Ship
172 |
173 =RETURN() :
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[ J { K | L
i ! !
high [text inivresult  |names
]
242 {74 {536 {336 |Initial Dealer Data
1 435 [20 |88 DONE
14 21 15 {199 (142 |Daily Demand
11 5 Daily_Demand
12 46 21 |0
12 1
12 2
12 3
12 4
5 44 32 Demand
8 75 48 |46 4 Demand 0
62 |8 73 69 (46 5 Dernand _1
63 |8 75 90 |46 6 Demand 2
64 |8 75 110 |46 7 Demand 3
65 |8 75 130 {46 8 Demand 4
6613 134 |32 Frequency
6718 149 (48 (46 20 Demand_Freq 0
68 |8 149 69 146 20 Demand Freq 1
69 |8 149 |90 |46 20 Demand_Freq_2
70 |8 149 |110 |46 20 Demand_Freq 3
718 149 [130 (46 20 {Demand Freq_4
72|14 16 ;1781205 !140 ‘Lead Time i
73111 S Lead _Time
74112 202 21 !
75112 2
76 112 3
77 {12 4
78112 ]
7915 93 193 Frequency i
80 |8 82 206 {100 20 Lead_Time_Freq 1
81 |8 82 226 (100 20 Lead Time Freq 2
3218 82 245 }100 20 Lead_Time_Freq 3
3 |8 82 265 100 20 Lead Time Freq 4
84 |8 82 285 (100 20 Lead_Time Freq S
85(s 251 197 ‘ ' Beginning Inventory ! !
86 (7 (456 97 60 50 _Beginning _Inventory
87114 241 120 277  '104  Ordenng Information ‘ ‘
8813 ? B Prompt for Reorder FALSE Prompt_Reorder
89 |13 ! ; 1 _ Prompt for Reorder Quantity ‘FALSE Prompt_Quantity
90 |5 272 (172 i Reorder Point ]
917 424 (170 {73 25 Reorder Point
92 |5 272|192 Reorder Quantity
93 {7 424 1193 |74 25 Reorder Quantity
94 |14 243 12311275 |88 [Costs
9515 252 (248 Holding Cost/Unit
96 |8 409 246 1100 0.1 Holding Cost
9715 253 (270 Cost/Order
98 |8 409 267 (100 20 Cost_Order
99 (5 253 (291 Shortage Cost/Unit
100{8 409 (288 (100 30 Shortage Cost
101]2 433 153 |88 Quit
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E F |G| H 1] J K | L
1 {DIALOGS L ;
ly [wide [high [text inivresuit  |names
108 250 (162 (516 |152 [Dealer Order
10913 90 (84 35 |Do You Wish to Make an Order? FALSE Make_Order
110§ 90 [119 Amount of Order?
1117 310 118760 25 Amount_Order
1123 408 (9 |88 DONE
1132 408 |40 |38 Quit
114[17 2 (4«2 1
115{5 9% (14 It is day
116[7 310 |13 [60 17
117]5 90 39 Today’s Demand
118}7 310 |38 J60 7
119]5 90 |66 Current Inventory Level
1207 310 {65 (60 43
121
122
123 250 162516 {152 |Dealer Order
124]5 90 119 Amount of Order?
125{7 310 (11860 25
126[3 408 [40 |88 DONE
127]2 408 [70 [83 Quit
12845 90 14 Inventory is at or Beiow the Reorder P
1295 90 39 Itis day
130{7 310 38 (60 |1
131{5 %0 (60 Today's Demand
13217 310 |65 |60 2
133(5 90 (93 Current Inventory
134(7 310 ({92 |60 7
135[17 22 (42 1
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N o P Q R
1 {TABLES
2
50 [Desmamned Tabhe w04 Daily Frequency Relative Freq Curnulative Freq
51 | =GOTO(0S1) =J5$ =Demand_Freq 0 |{=P51/SUM(P$51:P$55) {=Q51
52 =J56 =Demand Freq 2 |=P52/SUM(PS51:PSS$5) |=Q52+RS1
5 =J57 =Demand Freq 2 |=P53/SUM(P$51:PS55) [=Q33+R52
54 =]58 =Demand Freq 3 |=P54/SUM(P$51:P$35) |=Q54+R33
55 =]59 =Demand Freq 4 |=P55/SUM(P$51:P$35) |=Q33+R34
6 =GOTO(PS1 |=GOTO(QS) =GOTO(RS1) =GOTO(B64)
57
8 Daily Frequency Reiative Freq Cumulative Freq
59 {=GOTO(059) =J74 ={ead Time Freq 1{=P59/SUM(P$59:P$63) |=Q59
60 =J75 =Lead Time Freq 2|=P60/SUM(P$59:PS63) |=Q60+RS9
61 =176 =Lead Time_Freq_3|=P61/SUM(P$59:P$63) |=Q61+R60
62 =J77 =Lead Time_Freq 4|=P62/SUM(P$59:P$63) |=Q62+R61
63 =J78 =Lead Time_Freq S[=P63/SUM(P$59:PS63) |=Q63+R62
64 =GOTO(P59 |=GOTO(Q59) =GOTO(RS9) =GOTO(B66)
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WAREHOUSE #]1 MANAGEMENT MACRO

Commaads

comments

Summary [nformation

Wareh #iM Macro

vl.0

Dixon Hicks

Neval Postgraduate School

Wednesdsy, Jaruary 20, 1993

Command Window

=[F(MASTER XLM!First [ TRUE)

Start Werehouss Macro

SET.VALUE(Begnning_lnventory. MAS I ER. XLMWarehouse_BD)

Set initml Vanable

SET.VALUE(Prompt_Reorder FALSE)

SET.VALUE(Prompt_Quantity FALSE)

SET.VALUE(Reorder Pont, MASTER. XLM!Warehouss RL)

SET.VALUE(Reorder Q MASTER XLMIWarehouse RQ)

[ o
wa\-‘moﬂuneOﬂl“"-!*uN-

SET.VALUE(Holding_Cost MASTER. XLMIWarehouse HC)

SET.VALUE(Cost_Order, MASTER. XLM!Wareh oC)

SET.VALUE(Shortage Cost, MASTER. XLM!Warehouse_SC)

SET.VALUE(Lesd_Time,5)

SET.VALUE(Day,0)

SET.VALUE(Ship 0)

SET. VALUF/Order,0)

SET.VALUE(Back Order,0)

SET.VALUE(Total _Cost.0)

SET. VALUE(Totl,_Holdimg_Cost.0)

SET.VALUE(Total_Order_Cost,0)

SET.VALUE(Total_Shortage_Cost.0)

SET.VALUE(Recerved Order.0)

SET.VALUE(Reorder.F ALSE)

SET. VALUE(Make Order,FALSE)

SET.VALUE(B128,0)

SET.VALUE(B129,0)

SET.VALUE(B130,0)

SET.VALUE(BI131,0)

SET.VALUE(B132,0)

TF(MASTER XLMIPrompt_Individual=TRUE)

DIALOG.BOX(Input_Box)

User Chooss Vanables

[F(BA0=FALSE)

End S by user

QUIT

ALERT(*Sgnulation Cancelled®,3)

MESSAGE(FALSE)

ACTIVATE("MASTER XLS")

HALT()

&

END.[F()

47

END.IF()

= SET.VALUE(Current L y,Begr ! Y)

Set Current [nventory
B

= GOTO(Lead_Time Tabie)

Rel

(3
rreq

Y

SET.NAME(*Output_Dats",$T$4:0OFFSET($T$4.(MASTER. XLMITotal 1),12))

Clesr Output Data

FORMULA.GOTO(Output_Data,T4)

VSCROLL(l,TRUE)

= CLEAR(3)

RUNCWARE- 1. XLMTWarehouss Output)

Record Inutial Venablos

=END.IF(

“MASTER XLM(Day

Counter for Reference

=RAND()

Determme Load Tane

={F(B$64>(VLOOKUP(1.Load_Time_Table.4)).2.1)

=[F(B$64>( VLOOKUP(2,Lesd_Time _Table.4)).3.1)

={F(B$64> VLOOKUP(3,Lead_Time_Table,41),4.1)

=[F(B$64>( VLOOKUP(4,Lead _Time Table.4)).5.1)

oialalslslzlela]e]e]sle]alslalelelalole]s]is

Ran Lead Time

»MAX(B65 B68)
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A B C
1 {names C d comments
2
70
71 =Current _[nventory-Back_Order (Fill Backorder if Possible
T2 {=IF(B71>~0,0,ABS(B71)) iDetermune Size of Backorder
73 |={F(B71>0,B71,0) Ensure inventory not Negative
74 =Current_Inventory-B73 D Change i [nventory
75
7 =B73-DEALER XLM!Order Fill Demand f Possible
T =[F(B76>=0,B76,0) Ensure [nventory not Negauve
78 =B73.B77 D Change m [nventory
(79 | Ship ~B74+B78 Detormme Amount Shspped
80 {Beck Order =[F(B76<0,B72+ABS(B76),B72) Adjust Baciorder Level
31
82 {Current L y __[=B77+R d_Order Recerve Shiy if Present
53
34 =[FMASTER. XLM!P Start I TRUE,GOTO(Reorder),) Skip Reorder ? if Startup
8§
86 =[F(Prompt_Reorder=TRUE) Reorder & Quanuty?
37 = SET.VALUE(Reorder,FALSE)
38 ;= SET.VALUE(K98.Current_Inventory-Back_Order)
89 |= _SET.VALUE(K94,Day)
90 = SET.VALUE(KS6.DEALER. XLM!Order)
91 = SET.VALUE(Make Order.FALSE)
92 = DIALOG.BOX(Reorder Box)
93 = [F(B92=FALSE,SET.VALUE(Prompt_Reorder,FALSE),)
94 = GOT(Order)
95 =END.IF() ]
36 !
97 |Reorder =[F(Current_Inventory<Reorder Pomt, TRUE.FALSE) {
98
99 *IF(MASTER XLM!P_Start_[teration=TRUE.GOTO(Order}.) Skap Quantity ? if Starrup
100 1
101 | ~[F(Reorder=TRUE)
102 s [F(Prompt_Qusntity=TRUE) Quantity?
103 =~ SET.VALUE(K107Reorder Quantity)
104 - SET.VALUEK111,Dey)
=~ SET.VALUE(KI113.DEALER. XLM!Order)
06 Iw  SET.VALUE(K1]5,Current_[nventory-Back Order)
107] i=  DIALOG.BOX(Order_Box)
1 hd [F(B107=FALSE,SET. VALUE(Prompt_Quanuty,FALSE),)
1 = SET.VALUE(Reorder Quanuty.K107)
11 = END.[F)
111 »END.IF()
112
113{Order ~Rearder Quantity*Reorder+Amount_Order*Make Order Determine Order Quantity
114 !
118 =F(MASTER XLM'Warehouse Number=1) Execute appropnate Warehouse
116} Amount_Received *» RUNFACTORY XLM'Factory, FALSE) or Factory Macro to place |

117 ,=ELSE [F(MASTER. XL.M'Warehouse _Number>=2) order
118 = RUN(WARE-2. XLM!Warehouse F ALSE)
1191 ‘=  SET.VALUE{Amount Received,B118) i
1201 =END.IF()
121
122 =[F(Ran Lead Time=! Amount Recewed FALSE) Account for Lead Time
123/ =[F(Ran_Lead_Time=2.Amount_Recerved FALSE)
12 =F(Ren_Lead Tome~3 Amount_Recerved FALSE)
128 =F(Ran_Load Tume=4 Amount Recerved FALSE)
12 ={F(Ran_Lead_Time=5.Amourt_Recewed FALSE)
12
128{Racerved_Order =B129+B122 Count Down Orders by Dey
2 =B130+8123
£ =B131+B124
=B132+B125
=126
=[F(MASTER XLMIP Start | TRUE,GOTO(B141),) Skip & Output i Startup
=Back Order®Shortage_Cost+B136 Determmne Costs
=Current_Inventory*Holding Cost+B137
,*tMake Order+Reorder)*Cost Order+B1 38

;=Bl16+B137+B138
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A B C
1 [names Commands comments
2
141 =RUN(WARE-1.XLM'!Warehouse _Output) Record Deswred Vanables
142
14 ~RETURN(Shipment) 1

147{Warshouss Output | ~FORMULA(Dsy,OF FSE L(ST34.D%y.0)) Day
T =~FORMULA{Current_lventory, OFFSET(STS4.Duy, 1)) Taventory
4 =FORMULA(Back_Order,OFFSET($T34.Dey.2)) Back_Order
“FORMULA(Total_Shortege_Cos,OFFSET(ST34,D%y,3)) Total_Shortage_Cost
151 =FORMULA{(Tota)_Holding Cost OFFSET(ST$4.Day,4)) Total_Holding_Cost
152 =FORMULA(Total_Order_Cost.OFFSET(3134.Dey,5)) Total_Order_Cost
53 =FORMULA( Total_Cost,OFFSET(3T34.Dey.6)) Total_Cost
E ~FORMULA(DEALER XLMIOrder.OFFSET(3 14,8y, 7)) Demand
= ~FORMULA(Ran_Lead_Time,OFFSE1(3134.D8y.8)) Random Lead Time
156 =FORMULA(Amount_Order,OFFSET(S134.D2y,9) Amoust_Order
15 =FORMULA(Make_Order,OFFSET(3134,Day,10)) Maks_Order
3 =FORMULA(Roorder.OFF SET(3134.D8y.1 1)) Reorder
159 ~FORMULA(Stupment OFFSE T(3134.Day.1 2)) Ship
160
T61] =RETURNQ
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E F |G| H 1 J K L
1 [DIALOGS
2 [type X y _|wide |high [text inivresult names
38 } 2
39 243 (102536 265 |Warehouse #1 Injtial Data
401 423 {11 88 DONE
4115 21 10 Beginning Inventory
217 226 {10 [60 50 Beginning_lnventory
43 114 11 34 (277 {104 |Ordering Information
4413 Prompt for Reorder FALSE Prompt_Reorder
45113 Prompt for Reorder Quantity FALSE Prompt_Quantity
46]s 42 (86 Reorder Point
717 194 (84 |73 25 Reorder_Point
48 [s 42 |106 Reorder Quantity
49{7 194 [107 |74 25 Reorder Quantity
5014 12 11441279 1104 [Costs
51]s 21 1161 Holding Cost/Unit
528 178 {159 [100 0.1 Holding_Cost
3]s 22 (182 Cost/Order
5418 178 (180 {100 20 Cost_Order
s5(s 122 [204 | Shortage Cost/Unit
56 (8 178 (201 l100 ! 50 'Shortage Cost
5714 309 109|205 140 |Lead Time '
58111 s {Lead_Time
s9 (12 133 20 11
60|12 I 2
6112 | 3
62112 ! 4
63 [12 ; 5
64 |5 38 [124 Frequency
653 375 1137 [100 20 Lead_Time Freq |
66 |8 375|157 1100 20 Lead_Time_Freq 2
67 |8 375 {176 {100 20 Lead_Time Freq 3
688 375 1196 |100 20 Lead_Time Freq 4
6913 375 216 |100 20 Lead_Time Freq S
70 [2 423 [42" 38 Quit
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F |G| H I J 1 K L
1 ' '
2 it wide [high (text inivresult  |names
87 | |
38 250 1175 1516 125 Warehouse #1 Order
891{13 i14 |67 35 Do You Wish to Make an Order? FALSE Make_Order
905 114|100 Amount of Order?
91 |7 318 {99 |60 50 Amount_Order
92 |3 408 {13 (38 DONE
93 |3 114 9 The Day is
94 {7 318 |8 |60 17
95 {5 114 32 Today's Demand
96 (7 318 ({31 |60 0
9715 114 |55 Current Inventory Level
98 |7 318 |54 |60 50
99|17 28 29 |t
10042 408 (40 (88 Quit

250 {175 1516 125  {Warehouse #1 Order

114 [100 Amount of Order?
318 (99 [60 25
408 113 [88 DONE
109{$ 114 |79 Inventory is at or Below the Reorder P
11015 114 |9 The Day is
111]7 318 (8 |60 1
112{5 114 132 Today's Demand
113[7 318 31 |60 2
1145 114 |[S5 Current [nventory
115]7 318 |54 60 2
116]2 403 140 |88 Quit
117 28 [29 1
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WAREHOUSE MANAGEMENT MACRO
WAREHOUSE #2 MANAGEMENT MACRO

=END.IFQ

“MASTER XLMiDsy

{*RANIX)

=[F(B364> VLOOKUP(1 Lesd_Time_Table.4)),2.1)

| =[F(B364>( VLOOKUP(2,Lead Time Table,40.3.1)

| *{F(B$64> VLOOKUP(3.Lesd_Tune_Table.4n.4.1)

A B i C
1 |names Commands [commenits
z [ '
3 S 5 Infor
4 |Title: Wareh # 7 Manag: Macro
LTLf;non. vl.0
€ [Auchor Dxon Hicks
7 |Corporanon: Naval Postgraduate School
8 |Creation Dats: Wednesday, Jemary 20, 1993
9
10 Command Window —
| 11 [Ware g »IF(MASTER XLMIFrst_ TRUE) Start Warehouse Macro
¥ = SET VALUE(Begummg_ir ry MASTER XLM!Warshouse B Set [nitsal Venable
4 = SET.VALUE(Prompt_Reorder,FALSE)
s = SET.VALUE(Prompt_Quannty FALSE) |
16 = SET.VALUE(Reorder Pomt, MASTER. XL M{Warehouse RL} :
17 = SET.VALUE(Reorder Quantity, MASTER XLMIWarehouse RQ) 1
(] |= SET.VALUE(Holding Cowt MASTER. XLM!Warehouse_HC) i
9 '« SET.VALUE(Cost_Order, MASTER XLM!Warehouse_OC) :
20 [= SET.VALUE!Shortage_Cost MASTER XLM!Warehouse SC) :
1 ‘= SET VALUE(Lead_Tune.5) .
2 ‘= SET VALUE(Day.0)
23 {= _SET.VALUE(Shipment.0) ;
24 = SET.VALUE(Order,0) :
28 = SET.VALUE(Back_Order.0) |
26 = SET.VALUE(Total_Cost.0) ;
37 ‘= _SET.VALUE(Total_Holding_Cost0)
28 = SET.VALUE(Total_Order_Cost,0) :
29 = SET.VALUE(Total_Shortage_Cost.0) L
30 = SET.VALUE(Recerved Order,0) !
31 = SET.VALUE(Reorder FALSE) ;
32 = SET.VALUE(Make_Order FALSE) I
33 = SET.VALUE(BI28.0) 1
34 = SET.VALUE(B129.0) 1
3§ = SET VALUE(BI30.0)
36 = SET VALUE(BI31.0) ;
37 = SET.VALUE(BI32.0) i
38 1
39 = TF(MASTER XLMiPrompt_Indrvidual=TRUE) !
40 = DIALOG.BOX(Inmput_Box) [User Chooss Varmbles
41 = [F(B40=FALSE) ;End Sanulston by user
42 [QUIT 0 ALERT("Sumul Canceiled”,3) :
3 - MESSAGE(FALSE)
4 D ACTIVATE("MASTER XLS"
15 - HALT()
16 = END[FO
47 = END.IF() ]
48 . 1
49 « SET.VALUE(Curremt 1 vy Begmnmg | Y) St Cusrent Inventory
50 = GOTO(Lesd Time Tabie) D Reistive Frequency
51 T
) = SET.NAME(*Output_Data’ STSA-OFFSE (3134, (MASTER. XLM! Towal | 1),12)) _|Cloar Output Deta
[5) = FORMULA. GOTO(Output_Deta, T4)
54 = CLEAR(3)
7] = VSCROLL(I,TRUE)
[3 = RUNCWARE-2 XLM Wwehouse Output) Reoord Instasl Vanables
€7
53
51
&
61
62
63
64
68
66
67
68

|=F(B364x VLOOKUP(4.Lead_Time_Table.4)).5,1)

*
O

Ran Lesd Tune

(=MAX(B6S B68)
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A ] 3

| C

-

names | Commaads

[Comments

~

n

“«Current_[nventory-Back_Order

"
F1il Backorder if Posstble

=[F(B71>=),0,ABS(B71))

. Determine Size of Backorder

=[F(B71>0.871,0)

Ensure [nventory not Negative

T=Current_Inventory-B73

Determme Change 1 inventory

'Full Demand if Possible

=B73.-WARE-1 XLM!Order
=[F(B76>=0,B76,0) { Ensure Inventory not Nemative
=B73.B77 D Change m Inventory
Shep =B74+B78 D Amount Shrpped
Back Order =F(B716<0,B72+ABXB76).B72) | Adjust Backorder Lavel
I
Current [ Y =B77+R d_Order ,R Ship if Present
| 1
=F(MASTER XIMIP_Start_[teration=TRUE.GOTO(Reorder),) ~Siap Reorder * f Startup
- |
i =[F(Prompt_Reorder=TRUE) :Reorder & Quantity?

SET VALUE(Reorder.FALSE)

= SET VALUE(K98, Current _Inventory-Beck _Order)

7= SET.VALUE(KS4.Day)

= SET.VALUE(KS6, WARE-1 XIM"'Order)

= SET VALUE(Make_Order FALSE)

.= DIALOG BOX(Reorder Box)

F(B92=FALSE,SET VALUE(Prompt_Reorder FALSE).)

=  GOTO(Order)

H

T=END.IF()

Reorder =[F(Curremt_Inventory<Reorder_Pomnt, TRUE.FALSE)

 =[F(MASTER. XLM!P_Start_iterstion*TRLUE.GOTO(Order).)

Slap Quantsty ” i Startup

gl s] sl el e] el ] 2] 5| 5] ] 5] ] ] e el n] ol ] af ] qf ] 2] ol o] o] =]

101 »F(Reorder=TRUE)
102 = F(Prompt_Quantiry=TRUE) Quantsty?
103| - SET.VALUE(K107,Reorder_Quantity)
1 |- SET.VALUEX! t { .Day) {
108 ‘- SET VALUE(K113,WARE-1 XLM"'Order) :
1 - SET VALUE(K]15,.Current_Inventory-Back Order)
10 - DIALOG BOX(Order _Box)
108} - [F(B107~FALSE.SET. VALUE(Prompt_Quanury FALSE)) N
1 = SET VALUE(Reorder Quanti.y,K107) !
11 1= END [F() i
111 =END [F() !
112 j 1
113{Order =Reorder Quanuty*Reorder+Amount Order*Make Order Determme Crder Quantity
114
—l_-_l-SI =F(MASTER XLM'Warchouse Numoer=2) Execute appropnate \\'arenmas;: |
16, .20unt_Received = RUNFACTORY XLM'Factory, FALSE) o Factory Macro to piace
11 =ELSE [FrMASTER XLM'Warehouse Number>=3) order
118 = RUNCWARE-3 XLM'Warehouse.FALSE)
_I% = SET VALUE(Amount_Recerved.B118)
12 =END [F() :
21 s
22 /=IF{Ran_Lesd Tume=] Amount Recerved.FALSE) Accours for Lead Tune
13| ~[F(Ran_Lesd Tmme=2Amount Recerved FALSE) 1
1124 '=[F(Pan_Lead Tune=3 Amount Recerved. FALSE) :
2! ‘=[F(Ren_Lead Tune=4_Amowt Recerved FALSE) j
3 ‘={F(Ran_Lesd Tune=$ Amourt Recerved.FALSE) i
12 '
128{Recerved_Order =B129+B8122 Count Down Orders by Dey
12 =B130+8123
1 =B131+B124
(L1 =B132+B125
32 1=B126 E
L33 ] !
13  =[F(MASTER XLMIP Start_[terston=TRUE,QOTO(B1 41)) ' Skap & Ouwtput if Startup
3 L —
136{Total Shortsge Comt =~Back Order*Shortage Cost+B136 ! Determune Costa

137 Totai_Hoiding_ “ost - =Current_Inventory*Hoiding_Cost+B117

1381 Total Crder Comt -=Nake OrdereReorder;*Cost_Order~-Bl 18

139 Total Cost -B136-Bi37-BI38

140]
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A B C
1 |names Commands ccmments
2 ! .
141 i sRUN(WARE-2. XLM"'Warehouse_Output) Record Desyed Vanables
142 i
143 1 =*RETURN(Shipment)
144 §
145 Outpet Routine
146 1
147{ Warehouse Output  : =FORMULADsy, OFFSET(3T$4.Day.0)) Day
148 =FORMULA(Current_Inventory, OFFSET' *T34.Dsy. 1)) Inveatory
14 =FORMULA(Back Order, OFFSET(3T$4.Dwy,2)) ' Back_Order

=FORMULA(Total_Shortege Cost, OFFSET($T34,Duy,3))

[ Total_Shortage_Cost

151] =FORMULA(Total_Holding_Cost, OFFSET(ST34,Dey,4)) Tota)_Holding_Cost
152 =FORMULA(Total Order_Cost, OFFSET(ST$4,Day,5)) Total_Order_Cost
183] *FORMULA(Total_Cost OFFSET($T34.Day,6)) Totai_Cost

154 ~FORMULA(WARE-1. XLM'Order,OFFSE [($134.Dsy, 7)) Demand

158 =FORMULA(Ran_Lesd_Tume. OFFSET(ST$4 Day,8)) "Random Lead Time
156 ~FORMULA(Amount_Order, OFFSET(STS4.Duy,9)) ~ Amount_Order
157’ ' «FORMULA(Make Order, OFFSET($T$4,Day, [0)) "Mske_Order

153] | "FORMULA(Reorder, OFFSET(3T54.Dey.11)) Reorder

159) : *FORMULA( Shipment, OFF SET(ST$4.Day.12)) Ship

160 T

161 ‘=RETURNQ
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WAREHOUSE #3 MANAGEMENT MACRO

| names C d: ~{comments

Summary Information

Title: Wacshouse # 3 Manag Macro

uthor Dixon Hicks

Corporation: (Naval Postgraduate School

Creation Date: Waexinesday, January 20, 1993

1
P
3
4
S [Version: V.0
[
3
9
10

[f TRUE) Start Warehouse Macro

SET.VALUE(Begmning_k Y MASTER XLMI Warehowse_BI) Set frutial Vansble

- W,

SET.VALUE(Prompt_Reorder,FALSE)

SET.VALUE(Prompt_Quanitity FALSE)

SET.VALUE(Reorder_Point MASTER. XLM!Warehouse_RL)

SET.VALUE(Reorder_Quantity, MASTER. XLM!Warehouse RO)

SET.VALUE(Holding_Cost MASTER XLM!Warehouss HC)

SET VALUE(Coat_Order MASTER. XLM!Warehouse_OC)

- I B EY

[

SET.VALUE(Shortage Cost MASTER. XLM!Warehouse SC)

SET.VALUE(Lesd_Time,5) |

SET.VALUE(Duey,0)

SET.VALUE(Ship 0)

SET.VALUE(Order,0)

SET.VALUE(Beck Order,0)

S E R

SET.VALUE(Total_Cost,0)

SET. VALUE(Total_Holding_Cot.0)

SET.VALUE(Total Order Cost.0)

[
-
ajafnfn|nfofsialu]jolujufufajala]s

[ 1Y I

SET.VALUE(Total_Shortags_Cost.0)

SET. VALUE(Recetved Order,0)

SET. VALUE(Reorder FALSE)

Lod b B

SET.VALUE(Make_Order FALSE)

M S EEEN
’

Lol

SET.VALUE(B128.0)

SET.VALUE(B129.0)

SET.VALUE(BI 30.0)

SET.VALUE(B131.0)

SET.VALUE(BI 32.0)

= [F(MASTER XLMIPrompt_Indsviduai=TRUE)

- DIALOQ.BOX(Input_Bax) User Choose Vanables

- [F(B40=FALSE) End Samul by user

QUIT 1= ALERT(*Simul Cancelled*,3)

MESSAGE(FALSE)

ACTIVATE(*MASTER XLS") |

Had HALT()

END IF()
END.F() ;

SET. VAL UE(Curremt y.B li Y) Set Current Inventory

GOTO(Lesd_Time_Table) O Reistrve Frequency

SET.NAME(*Output_Duta* STS4:.OFFSET($T34,(MASTER. XiM!Total lterstions+1),12)) _ [Clewr Output Duta

RUN(WARE-3. XLM'| Warehouse Output) Record [rutiai Vanables

=END.IFQ

Dey *MASTER XIMIDay Counter for Reference

=RAND) Determune Lead Tune

=[F(B364> VLOOKUP{!.Lead_Time_Tsbis.4)).2.1)

*[F(B3$64>(VLOOKUP(2.Lead_Tume_Table.41),3.1)

=[F{B3$64>( VLOOKUP(3,Lesd_Time_Table.4)1.4.1)

| =[F(B$64> VLOOKUP(4,Lesd Tume Table.4)),5.1) !

{=]el=lsls]s]elel=lslsla]als]s]e]elal=ls]sl el s[s]s] sl elalofel ] ] ] sl ] s

Ran [ead Time i =M AX(B6S B68) |
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A B C
1 Commands comments
2 1
70 i
7 ~Current_[nventory-Back_Order | Fill Backorder if Posaible
ke ~F(B71>=0.0.ABS(B71)) Determine Size of Backorder
7 =F(B71>0.B71,0) Ensure lnventory not Negative
74 =Current_Inventory-B73 D Change 1 [nventory
78
76 =B73- WARE-2. XI.M'Order Fill Demand if Possible
77 «~[F(B76>=0,B76,0) Ensure Inventory not Negative
73 =B73-B77 Dy Change m [nventory
79 |Ship ~B74+B78 Determine Amount Shipped
30 | Back_Order =[F(B76<0,B72+ABS(B76),B72) Adjust Backorder Level
81
82 [Current I y =B77+R d_Order Receive Ship if Present
23
84 =FMASTER. XLMIP Start_[teration=TRUE,GOTO(Reorder),) Skip Reorder ? if Startup
85
86 w[F(Prompt_Reorder=TRUE) Reorder & Quantty?
37 = SET.VALUE(Reorder,FALSE)
93 = SET,VALUE(K98.Current_Inventory-Back _Order) ]
39 = SET.VALUE(K94,Day)
90 = SET.VALUE(KS6, WARE-2. XLM'Order)
91 = _SET.VALUE(Make_Order FALSE)
92 = DIALOG BOX(Reorder_Box)
93 {= [F(B92=FALSE,SET.V AL UE(Prompt_Reorder, FALSE).) {
94 = GOTO(Order) |
95 =END.IF()
96
97 |Reorder =[F(Curren: nventory<Reorder Pomt, TRUE.FALSE)
98 :
99 =F{MASTER. XIM!P_Start_[teration=TRUE,GOTO(Order),) . Skio Quantty ? if Startup
|
o1 - =[F(Reorder=TRUE) |
02 = F(Prompt Quanury=TRUE) [Q ?
103 = SET.VALUE(K107 Reorder Qusnitity)
1 = SET.VALUE(K111,Day)
108 =  SET VALUE(KI113,'WARE-2.XLM'1Order)
06 =  SET.VALUE(K115.Current_[nventory-Back Order)
10 = DIALOG.BOX(Order_Box)
»  [F(B107=FALSE,SET.VALUE(Prompt Quantxy,FALSE),)
=  SET.VALUE(Reorder y.K107)
1 = END.IF()
11{ =END.IF()
2
113{Order =Reorder_Quanuty*ReorderrAmount_Order*Make Order 1D Order Quantity
114 \

Execute appropnate Warehouse

116{ Amount_Recerved

‘= RUN(FACTORY. XLM'Factory, FALSE)

or Factory Macro to place

order

119{
120}
121 o
122! =F(Ran_Lesd Tume=1,Amount Recerved.FALSE) Accourit for Lesd Tune
123 =F(Ran_Losd_Tune=2.Amount_Rocewed.F ALSE)
12 =[F(Ran_Lesd_Time=3 Amount Recerved FALSE)
1 ={F(Ran_Lesd Tune=4 Amount Recerved.FALSE)
12 =[F(Ran_Lead Time=5.Amount Recsrved.FALSE)
12
128{Recerved_Order =Bi Z+B122 Count Down Orders by Dey
12! =B130+B123
=B131+B124
131 =B32+8125
132 =B126
133
% =F(MASTER XLMIP_Stan_| TRUE,.QOTO(B141),) Siop & Outpwt f Startup
135
136{Total _Shortage Cost {=Back Order*Shortags Cost+Bl136 | Determune Costs
137]Totsl_Holdmg_Cost i =Cusrent [nventory*Holding Cost+B137 I8

1381 Total Order Cost

= Make Order+Reorder)*Cost_Crder+B1 38

139{Total Cost

=B136+B137+8138

140}

1

100




B C
Commands comments
*RUN(WARE-3. XLM!Warehouse_Output) Record Deswred Vanables
=RETURN(Shipment)
=FORMULA(Day,OFFSET(3T54,Day.0)) Day
=FORMULA(Current_Inventory, OFF SET(ST34,Dsy,1)) Inventory
*FORMULA(Back Order,OFFSET($T$4.Dsy,2)) Beck Order
»FORMULA(Total_Shortage Cost,OFF SET($T34,Day.3)) Totul_Shortage Cost
«FORMULA(Total Holding Cost, OFFSET($T34,Duy,4)) Total_Holding_Cost
=FORMULA(Totai_"rder_Cost, OFFSET($T34.Duwy.5)) Totsl_Ovder Cost
=FORMULA(Total_Cost, OFFSET(ST34,Day.6)) Total Cost
=FORMULA(WARE-2 XILMOrder,OFFSET($T$4.Day, 7)) Demand
=FORMULA(Ran Lead Time,OFFSET(STS4.Day.8)) Raudom Lead Time
=FORMULA(Amount_Order, OFFSET(5T$4.Day,9)) Amoant_Order
=FORMULA(Mzake_Order. OFFSET($T$4,Day,10)) Make Order
=FORMULA(Roorder. OFF SET(ST34.Day,11)) i Reorder
=FORMULA(Ship OFFSET($T$4,Day.12)) Shipment
|
161 [=RETURN() |
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FACTORY MANAGEMENT MACRO

B

| names

Commands

comments

Summary Information

Factory Manag Macro

_Eith:

Version:

-
vl.0 -

|Author

Dixon Hicks

Corporation:

(Naval Postgraduate School i

Creation Date:

Wodnesday, Jamuary 30, 1993 <

CommandWindow B
~[F(MASTER. XLM|First_[teratson=TRUE) o

Start Factory Routme

SET, VAL UE(Begirming_L v MASTER XLMIFactory BD

Set Inyual Vanable

SET.VALUE(Prompt_Begin_Production,FALSE)

SET.VALUE(Prompt_Stop_Production.FALSE)

SET.VALUE(Begin_Proch Level MASTER XLMIFactory_Start)

SET.VALUE(Stop_Prod LeveLMASTER. XLM!Factory_Stop)

SET.VALUE(Prod Rate. MASTER. XLM!Factory_Rate}

SET.VALUE(Holding Cost MASTER. XLM!Factory HC)

SET VALUE(Setup_Cost MASTER XLM(Factory_FC) =

SET.VALUE(Shortage CosMASTER, XLM Factory_SC) =

ot Bd B

SET.VALUE(Day,0) -

SET.VALUE(Back_Order,0)

SET VALUE(Requested_Order.0)

ala]Clu] =] a]v]e]S]e]|n

SET. VALUE(Production. FALSE)

SET. VALUE(Setup FALSE) =

SET.VALU Produ FALSE)

SET.VALUE(Stop_Production FALSE)

SET.VALUE(Total_Cost.0)

SET.VALUE(Total_Holding_Cost,0)

SET.VALUE(Total_Setup_Cost.0)

SET.VALUE(Total_Shortags_Cost.0)

F(MASTER. XLM!Prompt_Individusi=TRUE)

User Choose Varuables

DIALOG BOX(Inpaut_Box)

[F(B35=FALSE) - -

End Sunul by user

ALERT(*Simulstion Cancelled®.3) =~

MESSAGE(FALSE) . =

ACTIVATE("MASTER. XLS")

HALTO

END.IF()

END.IF()

4

SET VALUE(Current_invertory.B Tnventory)

. B,

Set Cugrent lnventory

SET NAME(*Output_Data® SN$4 OFF SET(SN$4(MASTER. XLM!Total_[terations+1),9))

ACIenr Qutput Data

FORMULA GOTO(Output_Dsta, SN$4)

ey

VSCROLL(1,TRUE)

< CLEAR(3)
= RUN(FACTORY.XLMFactory_ Ourpat)

Record Inatial Venables

=END.[F) i

e EBESBREEEE

“Current_ nventory-Beck Order
={F(B$9>=0,0.,ABS(B59))

=[F(B59>0,859,0)

=Current_[nventory-B61

=~MASIER XLM/Dey X
.
—=

=[F(MASTER. XLM|Warehouss Number=1)

Fill Dermand if Possible

Order |

= B61-WARE-1. XLM'Order

Gom relevant warehouse

= SET VALUE(Requested_Order,Order 1)

=ELSE.[FIMASTER. XLM!Warehouse Number=2)

Order 2

= B6I-WARE-2 XLM"Order

HELENEEREE LR G

-

j= SET VALUE(Requested Order.Order 2)

_
_
+
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Commands

comments

=ELSEQ

Order 3

|= B61-WARE-3 XLM!Order

SET. VALUE(Requested_Order,Order_3)

=END.IF()

Requested Order

=Requested Order

=F(R

d_Order>=0.R d_Order,0)

-l

—
=B61-B76

=B52+B77

Back_Order

d_Order),B60)

-E(“J

d_Order<0.B60+ABS(Roqus

=B76+F(Prod

TRUE.Prod Ratse,0)

Current_Inventory

=1F(ProdL

FALSE)

=FMASTER. XLMIP Start [t

TRUE,GOTO(B103),)

Prody TRUE)

[F(Prompt

SET.VALUE(K102.Day)

IFOMASTER XLM!Warehouse Number=3)

SET.VALUE(K104,WARE-3. XLM'Order)

ELSE.IF(MASTER XLM!Warehouse Number=2)

SET.VALUE(K104, WARE-2 XIM!Order)

ELSE()

SET. VALUE(K104,' WARE-1.XLM'Order)

END.IF()

SET. VALUE(K99,Current_Inventory)

SET.VALUE(Begmn_Prod FALSE)

DIALOG. BOX(Start_Box)

[F(B97=FALSE,SET. VALUE(Prompt_Begmn_Producuon,FALSE).)

slelsl sl ]l el e[l el el =] el ] efels]=lefala] Ll 2[]o] =] - |-

Derachy
r

[F(Begn_Production=TRUE.1 RUE.FALSE)

Production Flag

[F(Prod TRUE,TRUE.FALSE)

Setup Flag

ELSE. [F(Prompt_Begm_Prodt

FALSE)

[F(Current_[nventory<Begmn_Prodt Level)

SET. VAL UE(Prodk TRUE)

SET,VALUE(Setup, IRUE)

Setup Flag

END.[F()

[FOMASTER XLMIP_Start [teration=TRUE.GOTO(B143),)

END.I[FQ

=ELSE. [F(Prod

'TRUE)

Stop Production?

=[FOMASTER. XLM!P_Start_lteration=TRUE,GOTO(B13J),)

Skp Stop Producuon ? 1f Startup}

[F(Prompt_Stop_Production=TRUE)

SET.VALUE(K132.Day)

F(MASTER. XL.M!Warehouse Number=3)

116] = SET VALUE(K134,WARE-3 XLM'Order)
117 = ELSE [F(MASTER XLM'Warehouse_Number=2) L
113] - SET. VALUE(K) 34, WARE-2. XLM"Order) e
11 = ELSE()
12 - SET. VALUE(K134, WARE-1. XLM'Order)
121 =~ END.IF()
122 - SET. VALUE(K129,Current_Inventory-Back Order)
123] =  SET.VALUE(Stop_Production,FALSE)
12. = DIALOG.BOX(Stop_Box)
12 = [F(B124=FALSE, SET. VALUE(Prompt_Stop Prod! FALSE),)
121 - {F(Stop Production=TRUE)
12 - SET. VALUE(Production FALSE)
1 = END.IFQ .
12! = —ELSE.[F(Prompt_Stop_Prodk FALSE)
= [F(Current | y>Stop_Proch Level)
131 - SET. VAL UE(Production, FALSE)
133 = END.IFO
133 = [F(MASTER XLMIP_Start_lterstion=TRUE,GOTO(B143),) Skap Cost f Startup
13 = “END.IF()
13! =END.[F()
1
137{Total_Shortsge Cost |=Back Order*Shortsge Cost+Bl37 D Costs

1381 Total_Hoiding Cost

=Current_Inventory*Holding Cost+B138

139 Total Setup Cost

| =Setup®Setup_Cost+B) 39

140 Total Cost

[=B137+B138+B139

103




A B C
1 [names Ci d r
2
141 =SET VALUE(Setup FALSE) Clear Senp Fiag
142
1 ~RUN(EACTORY. XLM!Factory_Output) Record Qutput
144!
145 ~RE TURN(Shipment)
14
[120{ Factory_Outpuc ~FORMULA(Day,OFFSET(SN34.Day,0)) Day
151 ~FORMULA(Current_invemtory,OF FSE T(SNS4.Day, 1)) Taventory
7] ~FORMULA(Back_Order. OFF SET(SNS4.D#y,2)) Back_Order
Sf ~FORMULA(Total_Shortage_Cost,OFFSET(SNS4,Day,3)) Total Shortage Cost
~FORMULA(Total_Holding_Cost.OFF SET(SNS4,Dsy,4)) Total_Holding_Cost
~FORMULA(Totl_Setup_Cost,OFF SET(SN$4,Dey,5)) Total_Setup_Cost
1 ~FORMULA(Total_Cost OFFSE [(3V34.Day.6)) Total_Cost
1 ~FORMULA(Requested_Order,OFFSE 1(SN$4,Dry.7)) Demand
158 ~FORMULA(Production.OFE SET(SN$4,Day.8)) Production
159) ~FORMULA(Shipment,OFF SET(SN$4,Dsy.9)) Ship

161

~RETURNQ
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A B C
1 |names C d comments
2
70 =ELSEQ)
71 |Order 3 = B61-WARE-3. XLM'Order
72 = SET.VALUE(Requested_Order.Order_3)
73 =END.[F()
74
78 {Req d_Order Requested Order
76 ~[F(Requested_Order>~0.Requested_Order,0) Emsure Inventory not Negative
2_ B =B6].B76 D Change mn Inventory
78 | Ship =B62+B77 D Amount Shipped
79 {Back_Order =FReqn d_Order<0,B60+ABS(Requested Order).B60) Adjust Backorder Level
30
81 jCurrent_Inventory «B76+{F(Prodt TRUE.Production_Rst¢,0) R Y isy's Prodt
82
3 =[F(Production=F ALSE) Should Production Begm?
84 *[FMASTER XLMIP_Start_[teration=TRUE.GOTO(B103),) Skip Start Prod 2 uf Startup]
88
36 = . [F(Prompt_Begm_Productuon=TRUE) Start Production ?
87 =~ SET.VALUE(K102.Day)
38 - IF(IMASTER. XLM!Warehouse Number=3)
39 - SET.VALUE(K104,WARE-3.XL.M"Order)
90 - ELSE.[FOIMASTER. XL M!Warehouse Number=2)
91 - SET.VALUE(K104,WARE-2.X1L.M'Order)
92 =  ELSE(Q)
93 hd SET.VALUE(K104, WARE-1. XLM'Order)
94 =~ ENDIFQ
95 - SET. VALUE(KS9,Current_[nventory)
% = SET.VALUE(Begmn_Production.FALSE)
97 - DIALOG.BOX(Start_Box)
98 - [F(B97=FALSE,SET.VALUE(Prompt_Begin_Production.FALSE).)
99
[T00{Product: = [F(Begm_Prodt TRUE,TRUE.FALSE) Production Fleg
 101{Setup =  [F(Prod TRUE,TRUE,FALSE) Setup Flag
02! = ELSE.[F(Prompt_Begin_Production=FALSE)
03| - [F(Current_Inventory<Begin Prody Level)
104 - SET. VALUE(Production, TR!
108 - SET.VALUE(Setup, IRUE) Setup Fiag
106 =  ENDIF)
10 =  [FMMASTER XLM'P_Start_[teration=TRUE.GOTO(B143).)
108 = END.IF()
109
11 <ELSE.[F(Production=TRUE) Stop Production?
111 =F(MASTER. XLMIP Start i TRUE,GOTO(B1 30),) Skip Stop Production ? if Startup
2
3 = _[F(Prompt_Stop_Production=TRUE)
4 = SET. VALUE(K132,Day) :
115 j- FIMASTER. XLM!Warehouse Number=3)
116! Jind SET VALUE(K134, ' WARE-3 XIM'Order)
117 —_'=___ ELSE [FIMASTER XLM'Warehouse_Number=2)
118 'a SET.VALUE(K] 34, WARE-2.XLM'Order)
119 - ELSE()
20 - SET.VALUE(K134,WARE-1. XLM"Order)
21| = END.IF()
122 = SET.VALUE(KI29,Currem_Inventory-Back_Order)
123 = SET.VALUE(Stop_Producton.f ALSE)
12 - DIALOG.BOX(Stop_Box})
12 = [F(B124=FALSE,SET. VALUE(Prompt_Stop Production FALSE),)
12 = [F(Stop_Prodh TRUE)
12 - SET. VALUE(Production FALSE)
12 - END.[F()
12 = ELSE.IF(Prompt_Stop_Prody FALSE)
- [F(Clarent_[rventory>Stop _Production_Level)
[131] - SET.VALUE(Proch FALSE)
32{ = END.IF()
33{ =  [F(MASTER XIMIP Start lterstion=TRUE,GOTO(B143),) Skap Cost if Startup
1 = ENDEQ
3 =END.IF()
3
(137 Total Shortage Cost | =Back Order*Shortsge Cont+B1137 D Costs
1381 Totai_Holdmg Cost [=Current_Inventory*Hoiding Com+Bi 38
139 Tol_Setup_Cost | =Setup” Setup_Cost+B139
140 Total Cost =B1137+B138+B139
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A B8 C
1 [names Commands comments
2
141 =SET. VALUE(Setup FALSE) Clear Setup Flag
142,
143) =RUN(FACTOR Y. XLM!Factary Output) Record Output
144

=RETURN(Shupment)

150§ Factory_Outpat ~FORMULA(Dsy,OFFSET(SN$4.Dsy,0)) Day

151 =FORMULA(Current _lnventory, OFFSET(SN$4.Dey, 1)) Investory

152 =FORMULA(Back_Order,OFFSET(SN34.Dsy.2)) Back_Order

153) =FORMULA{Towl_Shortegs_Cost. OFFSET(SN$4.Dey,3)) Total_Shortage_Cost
15 ~FORMULA(Total_Holdmg_Cost. OFF SET(SN34.Day, 4)) Total_Hoiding_Cost
15| =FORMULA(Total_Setup_Cost, OFF SET(SN$4.Dsy.5)) Total_Setup_Cost
156 =FORMULA(Towl_Cost, OFFSET(SN$4.Day 6)) Total_Coxt

18 «FORMULA(Requestod_Order.OFFSET(SN$4.Day, 7)) Demand

1 =FORMULA(Production OFF SET(SN$4.Dey 8)) Production

159 =FORMULA(Shipment.OFFSE [(3N$4.Day.9)) Ship

160)

[161] =RETURNO L

106




APPENDIX B
QUEUING WORKSHEET AND MACRO

Queucing Simulation Model [ Perform Simulation ]

Initial Data (Do not change on Worksheet)

[Patient
Arrival Distribution
Irpe Description Frequency 0s
. L ]
1 Open Wounds 8 HE ..
2 Closed Injuries 13 i 304 = e
3 Multiple Trmuma 3 éfo_a . Jesesrane
4 Visceral Complaints 20| 1502 '...'
S Chronic Complaints 26 E: -
$5 o1
Number of Beds s 4 o
0 2 4 6 8 10 12 14 16 18 20 2
Time of Day in Hours
‘Num
Nurses Avsilable: 2
Shift Times Nermsai Distribation
On on Lawer Unper Standary Devistien
Type
M 0000 2400 1 0.00 0.00 1
® 0800 1600 2 0.20 0.30 1.00
W 0000  00:00 3 0.13 0.23 1.00
M 0000  00:00 . 0.10 0.20 1
s 0.05 0.13 1.00
Doctor
Dectors Available: 2
Shift Times Nermal Distridution
On on Lot Upper Standary Devistien
Type
M 0000 2400 1 0.2% 0.33 1.
N 0800 1600 2 0.20 0.30 1.
M 0000 0000 3 0.13 0.28 1
M 0000 0000 4 0.10 0.20 1.
[} 0.08 o.13 1.
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QUEUING MACRO

]
1

~SET.V, % _Narber.1)

=SET. VALUEBad_Quane.0)

=SET VALUE(Actrve_Pointer.i)

=SET. VALUE(Bads

=SET.V,

=SET.VALUE(Total_Putieres,0)

=SET. VALUE(Nurses, .

LUE(MNurses_Occupied 0)
=SET VALUE(Doctors_Occupred 0y

=SET. VALUE(Total_Type 1.0}

*SET.VALUE(Totad .00

=SET.VALUE(Totl_Typs 30)

~SET. VALUE(Total_Type_$.0)

*SET.VALUE(Total_Type 3.0)

=SET. VALUE(Active_Niuree.2)

~SET.VALUE(Actve_Doctor.6)

=3ET.VALUE(End_Sumusistion_Tume.End_Sinmuishon Timw60)
=SETVALUE(ed Quae Frd TRUB) ___

*SET.V, Fir.TR!

=SET.VALUE(Nures | Total_1.0)

SSETVALUE(Nurse_{_Tota 2.0)

AET.VAI UENures__Totad J.0)

*SET.VALUE(Nures | Total 4.0)

=SET.VALUE(Nures | _Total_3.0)

=SET. VALUEMNwwe 1 Total ).0)

<ETV. _Tow_20)

SSET. VALUE(Chawe_L_Tata_3.0)

=SET.VALUE(Nurw _2_Toial 4.0)

i

AEaaaG

=SET.VALUENures 4_Toal

sellsisielslss

~SET.VALUEDectr 4_Total 3.0)

-aivuuun- 1 Toml.0)

SET.VALUE®Bed 2 Total0)

SSET VALUE(Bed_3_Took)

wSET. VALUE(Bed 4 _Totul

SET.VALUE(Bed 3 _Total.0)

=OET. VALUEBed ¢ _Total0)

~SET VALUE(Bad_7_Total.0)

“SET VALUE(Bod_8_Total0)

SAET VALUE/Bed_9_Totel0)

=AET VALUEBed_10_Toual.0)

=DIALOG BOX(INPUT _BOX 1)

wlzla|z]elal=lslalalalalallslslsle]o]s izt il

[ =FEs6~FALSE GOTOQUIT)

| User Choose Vansbies
N
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-

|

Conznands

=DIALOG.BOX(INPUT BOX_2)

=F(B8g=F ALSE GOTO(QUIT)

s[2la]-|-

=DIALOG BOX(INPUT BOX_3)

2

=F(B90=FALSE.GOTOIQUIT)

=DIALOG. BOXINPUT_BOX_4)_

=(F(B9I=FALSE)

End Simulation by user

= _ALERTCSimuistion Cancelled”3)
MESSAGE(FALSE)

»_ACTIVATECQ-MASTER XS

= HALTD

“END.PQ ___

sttt

| =SET. V. Sirmlation TimePrd Sigmsintion

=PORMULA. Bat, TR

Clow Mawix Boxm

[=CLEARG) ______
= romu’uoamu‘l Bk FALSE)

|=CLEARD) ______
~SET.VALUE(Tene_Till_Ned_Evat.End_Simlaton Tow’3)

=FORMULA. GOTO(New_Evert_Box.FALSE)

[Y [y fuy pany vy ey jay ey poy

y pomy oy ¢

=CLEAR(3)

=FORMULA.GOTO(AJ3:AN9S0.FALSE)

3

(CLENRG)
=FORMULA OGTO(AP3:AT80 FALSE)

*CLEAR(}

TE) J—
=# ORMULA GOTOAVIAZIWOFALSE)

=CLEAR(3)

winl=l=l=1=l=f=]=[=1=I=

| [ oy ru g ey Py ey
o2

=FO! A [Output_Box_2FALSE)
)

'
RL

=FORMULA GOTO(Outpt_Box_L.TRUE)

~CLEARK

(CLEARG) _______
=VSCROLL{1.TRUE)

SACTIVATE PREVQ

=SET. VALUE(OFFSETINext_Evers Reference.},1).1)

Place Urst ¥1 s Firm Ut

=SET.VALUE(OFFSET(Unnt Referwnca.2.1).1)

{Place Urst #1 in

=SET.VALUE(OFFSET(Urst Reference.!,l). Master Clock Time=RUN(Amivel Disnounon))

Retneve Firm Arvrval Time

\=FORMULA(System_Courtar OFFSETIAS2 Symam_Courter.0})

=FORMULA(D. an_Counter.1))

=FOl OFFSET(Unt_Refmrwnce.l.1).0 Comtwr.1))

141
14;
14
144 Mamter Clock Time

14
147
14
14
15
151
[}

1

[
18

Miramum_Time

=MIN(Tine_Till_Next_Event)

¥ind Lowest Tme tl] next cvert

=Master_Clock Timer Minamun Time

TAdjust Master Clock

145]Mamer_Clock_J4Hr

j=Muer Clock_Time | 440°INT(Mamter_Clock_Timw | 440}

Deterrmane 24Hr Equivaient Tume

§

Acve Clock

1 =MATCHMinurum_Time. Time Till Next Evere.0)

Acuve_Pouner

=OFF SET(Unit_Reference, 2 Active_Clock)

l
'Find Acuve P

Subtract Msrwrm Tave from all

Docter_Avesishie

Nstbar>t

N

= FW148>W133. W148-2400.W1

XL R —
Cl Clock_2¢ 1621 1621 V. AvaishiaDecter_Aveiabiev1))

= FCN1495W1 34 WI49-2400. W1

«_ F(Mamtwy_Clock 24Hr>INT(B164/100)460» MOD(B1 84,1 00),IET. VALUE(Docter_Aveishia.Dectar Aveishie+1))

Ol { Clotk 24! 33/100)*60+ 3.100).SET. VALUE(Dorter_Avaslsbie.Docter Avaisbie-1).)

= [F(Masy_Clock 24Hr: EXA] 134.100)SFT. VALUE(Dectar_AvisisbieDeciar Avastable-t))

=END.FQ

=F(Doctor Number>1)

= (WI30>W133 W130-1400 W130)

» [F(Mester_Clock 4He>INT(BI1 70/100)*60+ MOD(B1 70,1 00).SET. VALUEMoctor_ Avaishie.Doctor_Avmisbier 1))

= [P(Meer_Clock _24Hr>INTIWI $3/100)°60+MOD(WL 33,100\ SET. VALUE(Doctor_AvmishlaDectar Avmsisbie-i))
=END.IFQ

=FDoctor_Numbw>3)

= [FW1515W136.W131-2400.W131)

1= FMmte_Clock 24Hr>INT(B173/100)*%0+ MOIXB1 73,100). SET. VALUE(Doctar Avalsble.Doctor Avmlsbies),)

1~ (FMaster_Clock_24Hr>INT(W134/100)°60* MOD(W136,100).SET. VALUEDoctar_AviableDoctar Avesisbée- 1))

L=ENDIFQ
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1 _Imemes [« T lm
3

RS
] '@TM:E Box* 3X34:OF FIET(3K34.0.Doctor_Aveiabie-1)) Sat Docter evplable Box
1
181 iNuree_Avmishie g
1 wF (Nuree_Number>1) Dutarrrans & Nurse On'Of Suft

TFW101>W106 W101-2400,W101)

FMaer_Clock 24Mr>INT(B183/100)°60* MODYB1 3.1 00).SET. VALUEMNuree_AveslibleNurse_Avaisier 1))

TF(W102>W107 W102-2400.W102)

IF(Magter_Clock 24Hy: (B} 85/100)60+MOD(B183.1 00LSET. VALLEMNurwe_Avmisbie Nurme Avmisdiesi))

FMmar Clock 24He >INT(W] 06/100)*60+ MOD(W1 06.1 00).SET. VALUENurme_AvmisbieNuree Avalsbie | )
FMamer Clock J4Hr (W107/100)*60+*MODW107.1. n)}ET.VM&E& AvalabieNurse Avalshie-1))

=END.FQ

= Nharwe_Nuamber>7)

= _[FCW103>W108.W103.2400.W103)

= P(Master_Clack 24Hr>INT(B191/100)°60* MOD(B 1 91.1 00)L.IEY. VALUEMNurse_Aviiabie Nurme_Avasisbles 1))

Gl Clack 24Hr: 08/100)°60+: 08, 190) .V, AvalsbleNurss Avaishie-1))

=ENDIFQ

4

Nuwdar>3

(FPOlrm Nuwbw>))_______

& FOW104>W109.W104-2400.W104)

= FMaer Clock 24Hr>INT(B196/1 00) 60+ MOD(B1 9.1 O0LIET. VALUENurme_Avelshie Narm_Aveisies 1))
[

=_F(Masar Clock 24Hr>INTIW1 091 00)*60+ MODCAT 09.100).SET. VALUB(Nuee_AvasisblaNuror_ Avalsbie 1))
=END.IFQ
“GET. Bax* 3034 .0 Nwee_Avalsble-1)) St Nrye svinlsble Bex
pT]] .
=F(Actrve_Clock=1) Parfarm Synan Emry Staps
20 = RUNGATTTAD I
3
2! 1 SE.[F(Active_Clock<6) f'nf-nnc&g
2 = SET VALUE(Actres_NurmActve_Cioch) 1
2 = RUNMNuw A) iFroe up Naswe
3 = RUNBad_Roune B) " Sor f Bed vvmiisbie
2 = _F(Bas_Ocrupred-Doctas Ocapred>0 RUNDoaor_B)) See ¢ Docior yvaishie
1 = TFReperaon Quaed KNG BY) Sor & Nurwe Neacnd
1
1 =€lSE) Pufarm Dottar Compies Siape
] = _SET.VALUE(Acsve DeaarActswe Clock)
2144 = RUNDoaar A) Free up Decter
21 = RUNBed_Routew A) |Clanr Bad
NPwuat_Carpias) Trenafer Outa to Ouepra
@ F(Bed Quese>0RUNBeo Rours Bh :Sew uf Bt ovmisbie
[ T (Bt Goaspeut Dechers Occapradd AUNDoGor_B) et I Docter ormisile
—
=ENDI'Q '
=OOTOSTART) T
| Arvtvni Reustee
!
1
o Total Pusargsee | Cun Another Pasent
MESSAGE(TRUE Total_Paserts) X Nrrer of Proses
® Ut Numbars | _Add Orm (8 Uns Refewnce:
(= SET. VALUE Yysmms Eary RUNCATITS, Oveirinason)) e New Arrrvi T
e e
= SET VALUE(Biwk Cowser.|) Fond A Blak Row fov Nt Evers |
[ WHE EQYBLANK/OFPXETINGS Pvos Rofwrwcebiot Costr.|)P#ALSE)
= Blark_Courer |
D®iow_Cogs16)
ALERT Exvew Quaumy, Madel Fubsv'3) :
MEXSAGE(FALSE)
ACTIVATECMASTERXLS")
9 RALTO
2409 ENDIFQ
a1 NEXTO |
342 SET VALUEIOFTSET(Nes _Even RefewxeSlas Coamar,]) Ut Nuysar) Plare Net Urm @ o Blans Row
24 | MAABIwn Coutar. OFFSET(Unet_Raferwncw.2.1)) Piare Powwr v Urmt Bou
2ed FORMULARUNGstws_Catagorys OFFSET(Nem_Eves_ AaferwmaActrve Porter.)) Asngn Pstows Type
24 = FORMULAMme Clock Trme.OFFSET(NG Evam Relewmsdrwe Povew.)) Mat Tom & Jywan
- UE.OFPSETINet_Bvan_RefeweeActrvs Powner.)) Tiom Mgy
3 = UL OFFSETINem_Even_RefarmcsAcree_Powser §))
»  PORMULATRUE.OFFSETINGS_Evax_RofewaeAdrve Posue.
PORMULATRUEOFPSET(NaS_Evan_RefomceAcuve_Possw §)
1 - UR, Evan_RefermmActroe Posuey.
28 = _PPwes_Typeei) X Cate 1. Sovi to Bay Quame
Bed = __Bed Qumert | Addt Ouw to Sag
= m‘— Quane_FewTRUE)_ - Tubbon Bud Sahencs
- PORMULABd_Quase- | OVPSETIA V2.Bud_Quane Coumar.1))
(= M Qlack Tura OFFIET(A V2 Bed Quan_Casuer.1))
Bl Fird - SET. VALUE(Bad Quane FyufALSE)
18] = ENDIFQ
Bed Comsw |= Bad Quese Couserel M
= ___PORMULABal_ Quane Cournar. OFFSETIAV2Bad Quane Covme 0))
» ___PORMULAMBSS_Quewe. OFFSETIAVLBed_Quewe_Coursar. 1))
3¢ = PORMULAMansr_Clock T ma.OFFPSETIAVLBed_Quease Cowser 1))
= PORMULAMage Ooch_TomOFFSET(AVIBed Quese Cowrter-i LOFFSETIAVI.Bed Quene Coureer-13))
E7S @ PORMULAGOFFSET(AV2.Bed_Quae Courser-).1)*OFFSET(AVIBed Quaue Comer-| JNOFFSETIAVI Bed Quane
2 = PORMULAMae _Clock Trm OFFSET(New _Event_RefawweActoe_Poster ) Mk Torm o Bad Quase
S e JORMULALS OFFSET(Newt Evert RefornceActive Powue d)) Mahe Uret State §
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e C ommmendn

Commevis

®  RUNBed_Routm B

Sex if Bed Avmisbie

71 = _ RUN(Doctor_B)

Ses |f Doctor Avaisbie

= ELSE F(Pwtiam_Tvpe<>i)

LlfMﬂl Ceme | Repster

Rep: Quae = P Qumues 1

Add 10 Regp Quese
+

"= FRepwruon_Quaue FInt>TRUD)

. Tabulme Reg: Quane Statisty

FORMULAReg Quase_Courter OFFSET(AP2ZReg Queue Counar.0))

FORMULA(R on_Queve- | OFFSETIAPLReg Queve Courtar.1))

FORMULA/Master_Clock_Tune OFFSET(APZReg Quase_Courdar.2))

E

SET.V. Frf.

ENDIFQ

Queue_Cousare |

F

Coume

Courser, Courter.0

|

Couner.1))

ﬁr

Clock_Tema OFFSET(AP2Rag Quane Cowner.2))

FORMULAMaser_Clock Tene-OFPSET(APLRag_ Quaue Courner-1.2)L.OFPSETIAPYReg Quae Couter-1.3))

PORMULA Courtan |1 )"OFFSET(APLR! Courtar-1 3
FORMULA(Mastar Clock Tima OFFSET(Ne_Evem RefsrencsActsve_Powttard)?

Mk Time s Repotration Quaws |

PORMULA(1 OFFSET(Next_Evers_RefermnceActrve Povser.4))

[Make Unat Stae |

RUNMNures_B)

3w I Nurse Aveslable

END.IFQ

29 Counter =Sywem Coursarsi

2 =PORMULA(Symem_Counter OFFSETIAL Symem_Counier.0))

29: | =FORMULARepatraion_QuauesNurse_Occupred- Sed_QuasesBeds Ocrupmd OFFSETIAJL Symem_Courter. 1))

2 =FOR; AMasar Clock_Time. OFFSETIASI.Systen_Course.2))

2 " +FORMULA(Manar_Clock Tiume-OFFSET(ASL. System_Count ).OFFSET(ASL Systam_Courter-1.3))

2 *FORMULA(OFFSET(AS2. Sysam _Countar-|.1)"OFFSET(AR Sywam Counter-1 3)).OFFSET(AJ2 Sywen Courtar-1 4))
2

| 30 *VLOOKUPMaster Clock 24360 Lambda Box.1)

- =VLOOKLP((Mane Clock_4Hre60V60 Lambds_Box.1)

=vi YKUPMaser Clock 24Hr60 Lambds Box.2)

31 “VLOOAUM(Muter_Clock_34Hir~60760 Lavibas_Bex.3)

=1 /(((Mamer_Clock_34Hr760-830Ty(B308-B30T)) YB3 10-83091+ BI09Y 60

N {*SET VALUE(Cous_Lamnbda.0)

r =f OR("Courts” 0.240)

. St Coagary Rantsne

(=Patiart_Frog |/BY;

'O--'P-IT”-

13
=Pwiare_Freg VBI2)
32 =P Preq 1B

32 ‘=Pstiera_Preq 4+BI23

Jlg »Fr3B3323>8324 2.1)

329 =F(3RT322>8324+83253 1)

b2 =F13833122>8324+8323+B1j6.4 1)

21} *F$B3322>DI24+B123+8116-83213.1)

=MAX/BI2S B8331)

wioY_Type= | Toisl_Type |1 Tots_Type 1)
o

ars_Type1.Totn_Type 2°1.Towm_Type 3)

Taily Patserts

=0 (Pwen_Type=). Type 1+1.Tots_Type 3

.4

Type {

Type 1

Type 3 ol

TYpe ¢ (Pasard_Type=s.Toml 4+ 1. Towd Type 4)
Type 3 Tol_Type _$+1.Towsd_Type 9)

Zrvan_ReferwwnActive Powaw.:0) 3)

[OFFSETIRmt_RaferamnAled.|

=Mt _Clock Time-AJME

wtai+ 83347 Bod_|_Teiad)

‘otai+ 83347 Bed 1_Total)

otah* 83347 Bed 3 Toted)

‘otaie B334 7 Bad_¢_Toraf)

ARG
i

Jond
R Ce) otat+ 88347 Bed I_Toasd)

4
3
S Tour 88347 Bed ¢
k)

@
b

ol ol
Totat JPP(ASI=7 Bed ‘ot 7 Bed_"_Toual)
ol o{FiAl43=9.Bed_§ TotaieB3347 Bed B Totah)

=FP(A349=9 Bad_9 Totai+B$347T Bad 9 Touwnl)

QEAAEEEEE

il

~IF(A343=108ed_|0 Toai*BIIa7Bed_|0_Total)

e s o [t Fron f0)

%2 {a )&

H ZFORMUTA GOTONOFF SET!Siart_Refaance,Atas 1) FALSE)
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A 8 C
1_[rnamey Comnands {comments
2
361 =CLEAK:S) i
383/ ~SET VALUE(Beds_Ocrupred.Beds_Occupred-1) [From up e Bed
34 H
[3¢4 T =RETURN( L
36 1 i
Bed_Routne B | =[F Beds_Occupied>=Bed_Number RETURNQ) Sex If Bed Avulsble
36” r--st?l'.v,u..maﬂs«rx Quase.Bed_Quaue1} Remove One From Bed Queave
36 T
36 --st-:'rvuuaau Queue_Counter.Bed_Quaue_Counters ) i
3% . ~FORMULA(Bed_Queus_Counter.OFFSETIAVL.Bed_Queur_Courtar.0))
37 _>FORMULABed_Queue.OFFSET(AV2.Bed_Queue Countar.1})
572 | =PFORMULAMaster_Clock_Time OFFSET(AV2.Bed_Quase_Courter.)
373 |=PORMULAMasar_Clock Tene-OFFSET(AVY.Bad_Queve Courne|.3),OFFSETIAV2 Bad_ Quaie Courtar-1.3))
374 =F ORMULA((OFFSETAV2.Bed_Quse_ Courtar-1.))*OFFSETIAV2.Bed_Quaue Courter-| 3)) OFFSETIAVZ ed_Quaus Couw
3% |=SET. VALUE(Blark _Courtar.1)
3 |~WHILE(SBLANK(OFFSET(Stant_ReferexeSlank _Courter.|))PALSE) [Lirst Next Empry Bed
AT = _SET VALUE(Blark Courter Blerk Coursers i)
3 SNEXTO _____
y° =SET VALUE(BI®) End_Saruision T2
=FORCTrue_Courser'.1.75) Find Firwt 1 Bad Quase
301 = F(OFFSETTNe®_Evas_Refewrs. Thue Counar §=TRUE) |
= OFFSEI(Nes_Eves Rewwnre True Couser.) 1
= F(B382<BI&I.BIS2B3NI) ' Detarrswe sts Respertive Posser
= END.FQ !
SNEXTQ :
=SET VALUE(Actrve Pousar MATCHBISIMCT Stae_3.0%) !
35| Bads Ocoupned =Beds_Occuprad+ | . Put Patiert n Bed
~FORMULAMaster_Clock_Time.OFFSET(Ned Evere_ReferaxeAcuve_Powuer$) "Mark Tome m Bed
E |*FORMULAMaster_Clock_Tame. OFFSET(Simt_RfemceBluk Coursa. 1)) “Mark Tirwe Bed Occupred
399 . "PORMULA(4.OFFSET(Next_Evers_ReferenceAcuve_Powner.4)} Muke Unt Stase 4
391 =FORMULA(Biank_Counier. OFFSET(Next_Evert RefawweAcuve Powesr.10)) Mari Bed Number
¥ {
=RETURNQ i
: Nurse Routine ]
) i
{ Nurse 1z Cormpiete
[39 ; =FORMULA(OFFSET(Start_ReferenceActive_Nurse.2).A399) Retneve when Nurse Dccupred
10072 = Mamwr Clock Time-A399 Tume Nurse Occupred
400 = FORMULAL).OFFSET(Next Event RefarenceActive Posuar4)) Make Lrat Stae 3
40 = FORMULAManar Clock Time OFFSETINext Evan RefawrxxActive Powsar,7)) Mark Tore o Bed Queve
I = ETVALUE(Be_ Quameed Quawri) Add Oe o Bed Quave
4. i .
rr s F(Bed Queue Fam=TRUE) Tabuise Bad Queve Staustyen
40: = FORMULA(Bed_Quaue Cowner. OFFSETTAV2 Bed_Queve Courser0)) .
1G] MU Quase- | OFFSETIAV2 Bed Couner.)) .
10 FORMULA(Mastar _Clock Tine OFFSETIAV2.Bed_Quase _Cowser3)) ;

T SET VALUE(Bat_Quews FraPALSE)
= END.F .
\=__ SETVALUEBat Queve Courter Bed Queue Cournarel) !
FORMULAIBad_(uave_Courte OFFSET(AV2. Bed_Quase_Cowrsar9)) .
PORMULAMBed _Quase OFFSET(AVI Bad_Queve_Courser.i)) ]
FOR| AMane _Clock Tena OFFSET(AV2.Bad Quase Couser.2)) i
FORMULAMaster Clock_Time-OFFSET(AV2.Bed Quase Cournar | 2).OFFSETIAV2 Bed Quase Cowrser-i 31) .
FORMULA(OFFSET(AV2.Bed Quans Coumari.})*OFFSETAVLBed_Quase Cownar|.3)) OFFSENAVLBed_Quave |
1

P(OFPSET(Net_Pvant_Ref@enceAcuve Powtwr.2)e1)

PiActive Nurse=2 Nurse | Towal 1+B339%9Nuree | Toal 1) Tally Nurwe Occupred Tome

FiAcuve Nurwews Nurse 3 Towd |+BS3I99 Nurse 2 T 1y

FiAacuve Nursemdé Nurve 3 Total_1*B3I99 Nuree 3 Total i)

FiActive Nursewi Nure 4 _Towd | ~B83199 Nuree ¢ Towd |)

END [F))

FIOFFSET(Nea Event_RefereweActive Poute. Jy?)

FiAcuve MNurses2 Nurse | Toim 1-P$109Nurse | Towal 1)

FiActive Ngwem3 Nurse 2 Totsd_2+BS390Nwse I Tow 1)

F(Acuve Nurse=t Nurw § Toial 2-B3I99 Nurse 3 Toad 1)

FiAstve Nursw=s Nurse 4 Totak 2+BSI99MNares 4 Tow 2

END FQ !

F(OFFSET(Nes_Even_RefewweAcrve Povaw.2)=3)
F(Actrve NersevINarw_| _Totsl 1483393 Nurse | Total I

j=__F(Acrve Nurswed Narwe 3 Total 3+85199 Nrve 2 Towal .
1= PlActrow Nuaree=d Nures otal_J*BSI9 Narer * “anl
1= [P(Actrve Nugwred Nurse 4 Total 1+ B399 Nares

Ihl- Q

;@ F(OFFSETINe_Evant_RafewwsAcyw_Powee.)=d)
Narse | Totsd_4+8$199 Nurve | _Towd
Narse 3 _Toud 481399 Narw 3 Towmi

alals

i
i
s
E
3
]
-
!

i

3
HHH
[ofelefo

VALUE(Nurem Occupat Nures_Occupred-1) Free up Nuree

Tirm 2. OFFSET(LU'nit_Refe 1 Active_Nuree)) Amng Lage Ture to Nuree
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Coawmends

{comments

»IF(Nurses_Occupied>=Nurse_Avalabie RETURNG)

10ccupy 9 Nurse Routme
T

*Nurses_Ocrupied+|

Nuree

|"SET.VALUE(Repsration_Quase Reparstion_Quaue-1)

;Oceupy Nurw
Remove One From Repsration Qu

!

j® __SET VALUEMReg_Queue CounterReg Queue Counters!)

Tabulse Repstrauon Queue Stauims

i»  FORMULAReg Queue Courter. OFFSET(AP2.Reg Quase Courter 03)

ORMULARegetraion (Quaue. OFFSET{AP2Reg Queaue _Courter.)))

FORMULAMaster_Clock Tune OFFSET(APZ.Reg Queue Courter.2))

=
-
- FORMULAMuter_Clock Time-OFFSET(AP2.Rex Queue Counter-1.2),0FFSET(AP2 Reg Quase Courter-|3))
-

FORMULA((OFFSET(AP2J Counter-1.1)°0 Courar-1.3

Final Firt ;s Reputration Quae

»  OFFSET(Net Evem RefsweTros Coumer.’)

= __ [F(B465<D466.8463.B466)

TNEXT) i
=SET.VALUE(ACive_Powter MATCIABASSMICT_Stie 1.0

Detwrawme 3 Raspectve Poses

~MATCH( MAX(Nurve_Box).Nurwe_Box.0)* 1

o e Of Lorges_

MULAManer Clock Tyne.OFFSET(Next_Evert Refawws.Acuve Povear.6))

Mark Tane ;1 with Nurse

Mark Tume Nuree Ocouprad

~FOR!
=FORMULAMaster_Clock_Time OFFSET(Stan_RefarwnceAcuve Nurse.2))
=FORMULA(2.OFFSET(Ned_Even_ReferanceActive_Powter,4))

Muks Unst State 2

SET. VALUE(Patiers_Type. OPFIET(Nea_Evers_ReferencaActrve Povier.2))

Dearrane Paiers Type

L rye_Savice)

Oetamune Nurge Sevice Time

=FORMULA(Time_with Nuree. OFFSET{Unit_Refarence.i Acuve Nurse))
=

Assign Sarvice Tumne (o Nurse

FORMULACActive_Pomter OFFSET(Unu_Referance.2 Active Nureey)

Amegn Powter (o Nurse

k 'Mﬁwﬂhm

=" (Patiee_Type=1)

= NORMINV(BAA.(W134-W1 | #/2)°60.W130)
“ENDIFQ -

=FPuwes_Type=2)

= SET.VALUENurss Tene NORMINV(B484.(W125-W1 197)°60.W1131))

~END FQ

=FPweae_Tipew3)

= SET.VALUEMNurwe Time NORMINV(BASA.(W1 26-W1 2072)°60.W112))

=END.IFQ

=1 (Patsars _Typemd)

= SET.V, Teme NORMINV (BASS (W13 - W121/2)°60.W133))
=END P

~F(Patsart_Type=3)

4

491

4!

0

&

4

4!

4

a = SET.VALUE(Nures_Tirne NORMINV(BAS4 (W1 35-W1 227)°60. W1 341)
ﬁ =ENDIFG

J=RETURNMurse_Time)
s

Doctor A
=FORMULAIOFFSET tart_Raf@wncaActsve Doctar 3).AS0T) Ratrveve whan Doctor
10048.2675773131 | =Mumer_Cliock_Twne-A307 Tarw Doctor Ocoupeed
E |-
209 = [F(OFFSET(Neua Evert RoaenceAcuve Pomte. 2y=i)
2104Doctor_|_Totad | - FiActsve_Doctor=s Doctor_| _Towal _1+B3399 . Doctor | Totnd_1) Tally Doctor Occupred Ture
311]Doctor 2 Tored 1 - FiAcuve Doctor=’ Doctor 3 _Total 1+B3$3%9.Doctar 2 Total _I)
212[Doctor_3_Total | = FiActive_Doctor=8 Doctor _3_Toted_| *B3399.Doctor 3 Total I} ‘
313{Doctor_4_Towd | - F(Actve_Dector=9.Doctor_4 Towsl | *B3399 Doctar ¢ Tousd 1) :
<t « END B0
215 *» [FIOFFSET(Nea Evor RefamxeAcure Powte,2)=2) !
S16{Doctor_1_Total - F(Active_Doctor=s.Doctar_|_Towal 1°B3399.Doctor | Totad ) |
21°{Doctor 2 Total - P(Actsve Doctor=? Doctor 2 _Total 2¢83199 Doctor 2 Total ) L
318{Doctor_3_Towd e (FtActrve_Doctor=8.Doctor 3 Total 2+B3399 Doctar 3 Toual 1) !
519 Dactor_4_Towal =___T(Actve Docter=9 Doctor ¢ Total 2+BS399.Docter 4 Totad 2)
52 = _ENDFQ
521 o_ MOFFSET(Neu Even RafsrwwreActve Pocue.2)=))
3221 Decter | _Total w__ PrAcive Docter=$.Doctar { Towd 3+83199 Doctar | Totad 1)
Deoctar 2 Totad e [F(Acrve Dector=?.Deoctor I Tots 3+BS39.Dectar 2 Total })
Decter_3 Total - F(Actzve_Doctor=® Dectar ) Toml 3*B3199.Docter ) Total 3}
Docter ¢ _Totsl @ (P(Acuve_Decter™d Docter ¢ Tetai }*83I99.Dectar ¢ Tomi i)
52 = _END.PQ ;_
= F(OFPSETiNee_Frue RefewweAcrve Porte 274}
Dwetar | Total 4 [« P(Acuve Decter=$.Decier | Totsl 4488399 Dnctey | "ot s:
Docier 2 Tated 4 = PiAwwe Docier=!Destar 1 Total 4*BRIMW.Decvar : Totadt 4 .
Docver ) Total 6 |«  FF(Acros Oocsar~@.Decter J Totwl 4483399 Dectar ) “xadl )
331{Decter 4 Totel 4 [  F(Astrve Dectar=9 Dectar 4 Totsl 4485199 Docoar 4 ‘ww )
S = EINDQ
@ D(OFFSET(Nan_Eves_RefewweAcive_Povew.13)
Doctor ) @  [F(Aares Doctor=S Doctar | _Totad_1+83199 Decrar | Totad 1)
Decter. ota e FiActuve Doctor=? Dector 2 _Total 3 99 Docrer 2 Totad _3)
Decter, otal &  [F(Acvs_Docter=@ Doctor otal_3+B339% Docter ) Totad %)
5371 Docwer L) & FiAruve Doctar=$ Docter ot _3+B1399 Doctar s Towal 3)
4. * ENDIFQ
_'!I
*SET VALLUE(Dactary_Occupead Dactan_Occuped- 1) Free up oo
41 *FORMUTAEN Tirw*2LOFFSETUrt_Refarwnce | Antive Doctar)) Asmgn Large Terw to Docror ]
4] *RETLRND
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=FORMULA(Master_Clock Tima. OFFSET(Nez Evet RefewweAcive Pomter.d))

A a L [
1_|noweer Conwnands comments
3
4.
Doctor_ B =IF{Docrors_Occupred>=Doctor Avaiisble RETURNQ) Occupy s Doctor Routine
S4s{Doctors |=Doctars_Occuprede ! Occupy Doctar
=3ET. VALUE(B330.End_Ssmulstion_ Time)
54° =FOR("True_Counter”.1.7$) Find Fum i Bed
34 s [FIOFFSET(Nea Event Refaexe True Counter. 9 TRUE)
34 = OFFSET(Next Event ReforenceTrue Counter.8)
$& = [F(B349<B330.8549.8330)
- ENDIFQ
SNEXTQ
=SET.VALUE(ACive Powter MATCHBISOMCT State_4.0)) Detarsame s Raspactive Powtar
SMATCH( MAX(Doctor_Box).Doctor_Bax.0)+$ Find Docter Off Longest Lat Fres
Mok Tene m with Doctar

|=F(Patiert_Typemi)

= NORMINV(BI6E(W171-W1632) 60.W177)

et

*(F(Patserz_Type=2)

= SET.VALUE(Docor, Time NORMINV(BSSR(W172.W166/2)60.W1 7))

~END.IFD)

=F(Pmian_Type=))

= SET. VALUE(Doctor, Twna NORMINV(BISR(W173.W167/2)°60.W179))

=END.0*0)

=F(Pstia_TYpe4)

= SET.VALUE(Doctor TimeNORMINV(BI6R(W172-W1662)*60.W178)

*END (FQ)

~F(Ptiert_Type=)

= SET.VALUE(Doctor Tina NORMINV(BISE(WI 72-Wi64/2)%60, W1 71)

~END.IPQ

Tierm)

~SEY.VALUE Symam_Coumer System Courswr1) Tauine Staustcs
~FORMULA:Sywom_Cowter. OFFSET(AJ2.Sywam _C ourtar 0))
|>PORMULAR eppatration, Quave- Nrves, Oceuspred Bed_Quese Bads Ocoupeest OPFSETCAT2 Systarn Coursr. 1))
*FORMULA(Matar Clock_Time,OFFSETIAS Coumer.2))
P ORMULA(Mastar_Clock_Tene-OFFSET(ATZ Sysam_Cowsar| 3).0PFSETIATL Systam_Courmar-1.3))
(SPORMULA(CFFRETIATL Sywarw Couenar-1.] Comer).y
'van_RefaruxeAcuve Powier 6)-OFFSETNe Time wy Quane
verd_Refaencesive Povisr. _{ Ture with Nuree
599 imOFFSET(Next_Evert RefarenceAcuve Powter.SL-OFFSETINext ! Ture w2 Bed Quane
S0 sMaster_Clock_Tine-OFFSET(Next_Evers RefaenceActuve Powner.8) Time o Bed
801 ‘=Master_Clock Time-QFFSET(Ned Event_ReferenceActive_Pomte.) Time with Doctor
602, =Mater_Clock_Tume-OFFSET(Next Event RefauxeActive Powvnerl) Tume n Systam
603 '
|=OFFSETINet_Evert_RefaonceAcive_Pouter.2) Get Puient Tvpe
08 | wOFFSET(Next_Evert_Reference Acuve Pouter.|) Gt Acive Unst
| "FORMULAIB603.OFF SETIOupaB60S+1.0) "Actve U to Output
[ =FORMULA(BS04,OFFSET(Output B80S+ 11)) Puiserg Type 10 Output
=FORMULA{OFPSET(Net_Evert Rd@wxeActive Postw.3) 3+4.2)) .Enter Systwm to Outpat
|~ Beoe=i 0 FORMULAIBIST OFF 3013 ;Regurmon Quaue to Ouepat |
61 =F(Be0s=1 0.FORMULABI 98 OFFSET{Outpar. B0+ 1.4))) [N Outpt
1) =FORMULA(BY99. OFFSET(Output B&03+ 13)) |Bed Quase 1o Owpnt
(1} =PORMULABS00. OFFSETOutput 8605+ 1 .6)) Bed Tovw to
[} =PORMULABE01. OFFSETIOutpt B60Y# L. ) Docter Time to Outpat
51 SPORMULAB4L OFFSET(Outgen BOY+1.) ICT— T T N
[1}
41 wF ORMULA GOTO(OFPSE T(IES1 0.Active_Posswr.| ):OFFSET(SES1 0 Actrve_Powser.1O\PALSE) Clow Powny New Evex Matrx
s =CLEANG) ]
41 =VICROLL(0)

|=FOR(Cours".2.Totsl_Pmianas)

i»_ (FIBLANKIOFFSETOupA Court. ) TRUENEXT()

|e  Procesest Patiertse |

& FOFFSET(Outpt Count.2)>1)

Total who W (or Reatrstion

» _ FIOFFSET(Output.Count.1)>0. 8412+ 1 B632) -
e FIOFFSET(Output Court ) 0,841 1+ 1,863 3) Total who Do Not Wan (or Rey
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(Output, Court.$)>0.B635+1 B635) Total who Wast for Bed
*NEXTO

(OFFSET(3BBS1.2.1)) Tally Nurso'Patsent Statistocy

2.OFFSET(3BBS1.3.1)

.OFFSET(3B831.4.1))

4.OFFSET(3BBSL.3.1)

J
BlEEIE R

3.OFFSET($BBS1.6.1))

.OFFSET(38BS$1.2.2))

 OFFSET(SBBS13.2))

E

. OFFSET(SEBS1.4.2)

LOFPSET(3BBS1.9.2))

.OFFSET(SBESI 6.2)
1.2.3)]

.?F

L OFFSETSBES13.3))

.OFFSET(SBBS1.4.3))

.OFPSET(SBBS1.3.3))
OFFSETIIBASL 6.3))

| 3 R

OFFSETISBAsI2.0)

§

2. OFFSET(SBRSI 3.4)

o el

LOFFSETISBBS1 4.4))

=FORMULAMNune 4_Total_4.OFFSET(3BBSiI.4))
RMULANurse_¢_Total S.OFFSET(3BBS!.64))

-

ol AL RO, 2L L
M(BC3:BCTLOFFSET(SBBS1.7.1))

M(BD3:BDY).OFFSET($BB$1.7.2))
:BET),OFPSET(3BBS1.7.3))

[s] $BB31.7.4))

E

Mastar Clock Time.1440)
06.W101-2400,W101)

7. Wi 400.W102)

DS W| 400.W103)

9. W WI104)

440) (W )*0. »«Bi_u)-ma«u 1664 °0.6.0))-F(B3563-W106 °0.6>0.83443-W105§°0.6.01) Nures Work Tume

YH((W107-B665)°0 6~ (B3643-(F(B4S

>4
3463 °0.6.0))-[F(B3663-W107°0.6>0.83663-W107%0 6.0Y)
1NW 1666140, 6y (B3663-IF(B66S 366620 6.01-F(B3663-W1 08°0 6>0.83663-W108°0.6.0))

R

440)%(C )"0 6Y{(BS66)-TF(B647>0.8667%0 6.0)- [F(BIS63- W1 090 650.B3663-W109°0.6.01)

=FORMULA(BCI¥/B648.5C39) Nurve Uulization

ULATBDSE/B669 BCA0)

i
|
%

wIF (Nurse_Number>2.F ORMULA(BES®/B670.5C41))

Namber>3 FORMULABFSS/BE71 BCA2Y)

.OFFSETISBBS1.2.9)) Taily Doctor/Pusert Statrstscs

LADoctor_|  OFFSET(SBES133))

)
OFFSET(3BBS1 43))

I

Q

£
[a1a(ala

L OFFSET(SBBS1.6.9))

?

.OFFSET(SBBSI.2.61)

otal
ol
otal
LA{Dactor 1 _Totsl_4.OFFSET(SBBS1.3.5))
‘otal
otad
otal

2 OFFSET(3BBS13.6)

?
]
3
;
B

j
g

L7)

—a S
=FOR. A(Doctor. otal_2.0FFSETI$8831.3.M)

J.OFFSETISBBS).4.T)

AfDoctor 4.OFFSETISBBS1I.TY)

otal
)
AiDoctor otal_3.OFFSET(SBBS1.6.7)
FORMULAiDoctor 4 Totsl | OFFSET(SBBS1.2.81)

A(Doctor 4 Tow 3 OFFSET(SBB31.4.8)

FORMULA(Doctor 4 Total 2 OFFSET(3BBSI3.8)
n
N

ADoctor 4 _Towal 4 OFFSET(3BBSI.S B0

FORMULA(ortor_&_Tots _5 OFFSET(SBBSL6.8)

,=FORMULA(SUMWBG3 BGN.OFFSET(SBBSL.7 3%

FORMULA(SUM(BH3 BHT).OFFSET(SBBS1.7.6))

FORMULA(SUM(BD BIT).OFFSET(SB8SI.?.7))

SRERERN

FORMULA(SUY :BI3),OFFSET($8831.2.9)) Total Doctor & Nuree Scatistics

FORMULASUM(BCA BI4\.OFFSET(3B8313.9)

ot
-
7 =PORMULASUM(BS) BI7). OFFSET(SBBS1. 7.8))
C
ol
«f

=P ORMULACSUM(BX
SFWI48>W] 33.W148-2400. W1 48

=PW149>W] 34. W1 48-2400. W] 4

aP(W130>W] 33.W1 (¢

;
:

SENI DWW :
3.-8707) 'o.tnswmmnm'n s.gztwauu-m 3%9.620,B3443-W1530 4.0) Docer Work Teme

$1-

ol s

(W1 708)"0 €)+((B$643-(F(B708>0.8706°0.6.0))-F(BI643- W 34°0.6>0 B3443-W1 34°0 4.0))
(W133-8709)70.6)*((B3663-T (B 709>0.8709°0 6.0))-P(BI643-W1 33°0 6>0.8346)-W1 33°0.6.0))

&

T
~ONTTRS662/1440)%
"

36-8710)%0.O)~(B364)-TF([B710>0.8710%0.4.0))-F(B3463-W1 34°0.6>0.83641-W1 36%0 6.0))

=FORMULABC: 71 1.BC4 Docter Uilizatien

=F (Doctor_Number>1 FORMULAMHIBT12BCA4)

|7 Docte_Murber>3 FORMULABIIVBT13 BCAT)
Number>3 FORMULABISSB 714 BCAS)

7 =FORMULA ‘otal OPFSET(SB8S1.10.1)) Tally Bod Sy
20 [ FORMULA! ‘ol OFFSET(SBBS L. 1.1)) 4

3 “FORMULA ‘otal OFFSET(3BBS1.12.1)) +

73 wFORMULA 4 Total OFFSET(SBBS).15.1)) e

3. ~FORMULA(Bed 3 Totsl OFFSET(IBB31,14,12)

115




te

C oommunds

otal, OFFSETIS8B31,15.1) -

=FORMULA(Bod
~FORMULA(Bed_ 7_Total OFFSET(SBBS1. 4.1

OR! ABed otal OFFSETISBBS1.17.1)

=FORMULA(Bed 9 Total OFFSETISBBS1.1L1)
=FOR A(Bed_10_Total OFFSET($SBBS1.19.1)

Bed Ulilizatson

=FOR ABC11/Maer Clock TumeBD11)

={F(Bed_Number>! FO! LAMBCI 2Master_Clock Ti

=[F{Bed_Nurmber>2 FORMULABC

={F(Bed_Number>3 FORMULAIBC!

={F(Bed_Number>4 FORMULABC

Clock_Time-AXS'

SRREIRERERERR agg*udgaab!:_’_*

=5 (AT3:0FFSETIAPS. Comtw 4)(Muwr Clock_Twne-AR3).BC24) A

|FORMULA(SUM(ATS:OFFSETIAP3 Reg Quens Couster 4)V(Masiay Clock, Tens- ARY)
=FORMULAGSUM(ATY:OFFSETAPS Reg Quese Court 41¥(B432+863318C29)
FORMULAMMAXIAC OFFSETTAC Proceated_Prbrents 0]

=FORMULA(BA3/(B612+BAINBC2T)

sFORMULA(SUM(ANY:OFFSET{AJ} Sysem_Coumte.4)V(Maner_Clock Time-ALILBC3Y)
=FO)| AH3: [AH3 Processed _Putianta,0)).BCI4)

-HB'(’OGRAMKACkO"S&T(A C4 Processed_Patierss 02.5G13.BF14:BF103) _ Fregrancy Disenbutions
=HIS TOORAM(AD4-OF FSETTADA Procesed_Piens.0).B11 3 BF 14 BF103) 1

=HISTOGRAM(AEA OFFSET(AEA Processsd_Putiencs 005K 13.BF14:BF103) _J
~HISTOGRAM(AF4 OFF SET(AF4 Processed Pwians.0).BM13 BF14:BF103) :

*HISTOGRAM(AG4:OFFSET(AG4 Processed Pationes0).8013 BF14:BF103)

751

=HISTOGRAM(ANH4:OFFSET(AHA Processsd_Piuena0).8Q13.BF14'BF103

=COPY(AQS:OF FSETIA! Counter. 0}, D:\THESINEXCELFU| MASTER. XLS'SATS12

=COPY(AR4:OFFSET{AR4.R: oue Courter,0). D:\THESINEXCELFL UEUIN¢ MASTER XLS"3AUS12) '
“COPY{AW4:OFFSETIAW4 Bed_Queve Counter.0). D:\THESI\EXCELFY UEUING\Q-MASTER X1.313AWS12) :

~COPY(AX4 OFFSET(AX4.Bed_Queue Countar.0). D\ THES ISEXCELFL LESQUEUING'Q-MASTER XLS"SAXS12

=COPY(AKS:OFFSET(AK4.Sywam_Counter.0), D\ THESINEXCELFL LENQUEUING\Q-MASTER J0.31SAZS1 1) .
=COPY(ALA:OFFSET(ALA Sysam_Counte.0), D THERS\EXCELFLLESQUEUINGAQ-MASTER XLS1SBAS1 2) [

3313
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R 1 s T | v } v ! W X
1 |
2 y _|wde  |hgh Jtext tut/result names
i 98 |600 338 ilmial Sunul Input Infc
s {1 160 16|88 Done
[AE 53 17 Number of (Hours)
717 295 15 160 10080 ‘End_Sumulaton_Tum
8 [s 150 31 or
9 |5 50 52 Total Patients through System
1017 295 48 |60 999 Maximum_Units
. 11]5 50 84 Number of Beds (M. 10)
12 |7 295 80 |60 S Bed_Number
14 47 130 1313 187 Tune Between Amval (Potsson)
1415 162 146 Tanes ere Bese Upon s 24 Hour Clock
181S s5 169 0000
. 16 {8 12 167 |60 0 0.3
7{5 [ 194 0100
10 112 192 [60 1 035
9 {S 55 219 0200
208 112 217_|60 2 0.4
215 55 244 0300
218 12 242 (60 3 0.45
2315 $5 269 0400
2418 112 267 |60 4 05
2815 SS 294 0500
26 (8 112 292 |60 s 045
2715 187 169 0600
23{8 242 167 160 6 04
9 [5 187 194 0700
3048 242 192 60 7 035
S 187 219 0800
328 242 217 (60 8 03
335 187 244 0900 !
418 242 242 (60 9 10275
3815 187 269 1000 |
368 242 267 60 10 10.25
3715 187 294 1100
33 (8 242 292 160 11 0.225
39[5 312 169 1200
(8 361 167 {60 12 0.2
41]s 312 194 1300
428 362 192_[60 13 0225
4315 312 219 1400
4418 362 217 [60 14 j 0.25
485 312 244 1500
46 {3 362 242 |60 15 0.278 )
4715 312 269 1600 "
43(8 362 267 |60 16 03 ]
4915 32 294 — 11700 i
50 (8 362 292 &0 17 03 ]
115 1432 169 T 11800 i
52108 Tag7 67 60 18 03
s3(s 1432 1194 | 1900 B
S48 487 119240 19 03
88 (s 1432 219 2
£ [8 487 217 |60 20 03
87 (s 432 244 2100
10 487 242 (60 21 0.3
s9 (s 432 269 2200
60 |8 487 267_[60 22 {03
61 (5 432 294 2300
62 [8 487 292 160 X 03
)2 2 461 44|88 Cancel
. 64 24 ~Wi6
117




| X
wide text narnes
115 1616 259 Patient [nput Information
13 [400 220 Types of Pstients
19 [88 Done
53 Category
83 1
113 2
143 3 -
173 4
203 5
53 Descrip
76 33 Open Wounds
kad 113 Closed Injuries -
78 161 143 Multiple Trem
79 161 173 Viscersl Complaints
90 161 203 Chronic Compl.
81 336 53 Frequency
[7] 351 83 (50 3 Patiet_Freq 1
83 351 113 150 13 Patent_Freq 2
84 351 143 150 33 Patient_Freq 3
85 351 173 |50 20 Pstient_Freq 4
36 3s1 203 |50 2 Patient Freq S
§7 493 47 88 Cancel
88 | |
89 | !
90 ¥ 68 116 840 280 Nurse [nput [nformation !
705 11 88 Done
471 93 (329 158 Nurse Information
483 129 Total Nurses
2 Nurse _Number
517 146 23 1
| 2
| 3
4
643 109 Shift Tumes
640 130 On
630 146 150 ) Nurse 1 On
630 171 (S0 200 Nurse 2 On
630 194 |50 0 Nurse 3 On
630 217 150 0 Nurse 4 On
1S 130 Off
705 146 |50 2400 Nurse | Off
N 708 171 |50 1600 Nurse 2 Of
708 194 S0 0 Nurse 3 Of
70S 217 {50 0 Nurse 4 Off
13 32 413 220 Time with Payent (Normally Distnbuted)
55 72 1Category :
85 1104 : i1 . '
85 EN : 2
185 1164 , 3 ‘
85 194 ) 4 : ¢
'85 224 | S i
149 72 Lower
148 102 50 0
148 132 {50 0.2
148 162 |50 0.15
148 192 {50 0.1
148 222 |50 0.05
249 72 Upper
248 102 |50 0
248 132 |50 0.3 -
248 162 |%0 0.25
248 192 |50 0.2
248 222 |50 018
336 72 Std Dev.
346 102 (S0 1 -
131(8 346 132 150 1
132(8 346 162 [50 1
133{8 346 192 |50 1
1343 346 222 |50 N
138]2 7 4438 Cancel !
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S T | U v | X
I
y wide |high  [text ut/result names
116 {840 280 Doctor [nput Information
11 (88 | Done
13914 471 93 1329 158 |Doctor Informaton
1405 483 129 Total Doctors
41311 2 Doctor Number
42[12 517 146 23 1
[1a(12 2
12 3
12 4
5 643 109 Shi#t Times
}_4 E 640 130 On
14818 630 146 _[50 0 Doctor 1 On
14948 630 171_[50 800 Doctor 2 On
 150{8 630 194 [50 0 Doctor 3 On
151]8 630 217 (50 0 Doctor_4_On
1852(5 715 130 of
183(8 705 146 [50 2400 Doctor 1 Off
154]8 705 171150 1600 Doctor_2 Off
1558 708 154 |50 0 Doctor_3 Off
1568 705 217 |50 0 Doctor_4 Off
157114 33 32 J413 220 |Time with Pauent (Normaily Distributed)
15815 55 72 Category
159{5 85 104 1
60[5 85 134 2
61]5 85 164 3
[162]5 85 194 ]
63{s 85 224 S
164{5 149 72 Lower
165(8 148 102 {50 | 0.25
166(8 148 132 (50 | 02
1678 148 162 150 0.15
168(3 148 192 (50 01
169(8 148 222 (50 0.05
170{5 249 72 Upper
171]8 248 102 150 035
172(8 248 132 |50 0.3
73(8 248 162 150 0.25
74[8 248 192 |50 2
75(8 248 222 150 015
17613 338 72 Std Dev.
17718 346 102_]50 1
173(8 346 132 150 1
179|8 346 162_'s0 1
180{8 346 19250 1
181(8 346 222 50 1
18212 1706 14 88 ‘ Cancel
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APPENDIX C
CHAMPUS INPUT & MONTE CARLO MACRO

locstion _|high/opt/mean/ 1 Jlow/pes/SD/2 |mosz/3 4 5 [ 7 [] 9

dsts 2 1.286 0.5 1.3 25

[rame 7 ref R8C20

number

dara 3 1393 05 13 23

name / ref R9C20

{number 2

dats 2 1.421 0.5 1.3 2.5

name / ref R10C20

number 3

data 2 2047 1 23 4

name / ref R15C20

|number 4

data 2 2.354 1 2.3 3 |

nsme / ref R16C20

number H

data 2 2.436 1 2.3 ] v

name / ref R17C20 |

{number )

Jaa 2 4100 ) ) 3 I

name / ref R22C20 {

number 7

data 2 3.411 2 4 6

name / ref R23C20

{muraber 8

dats 2 3.917 2 4 6

name / ref R24C20

rumber 9

data 4 0.15 0.13 0.135 0.14 0.145 0.15 0.155 0.16 0.165 0.17

name / ref R30C2Z2 20 15 10 10 10 10 10 s S

{number 10 95 0.210526316 0.368421053| 0.473684] 0.578947] 0.684211) 0.789474! 0 894737] 0947368 1

data { 4 0.5 0.13 .135 0.14 0.145 0.15 0.155 0.16) 0163 017

name / ref | 1R31C22 20 15 10 10 10 10 10! S\ <

numboer | 1, 95 0210526316 0.368421053] 04736841 0 5789471 06842111 0.789473( 08947371 0 9473681 1

data ] 0.15 0.13 0.135 0.14 0.145 015 0155 016 0165 017

name / ref |R32C22 20 5] 10 10 10 10 10 s s

b 12| 95 6.210526316 0.368421053] 0.473634] 0 578947] 06842111 0789474 08947371 0947368] 1

data 4 0.15 0.13 0.135 0.14 0.145 0.15 0.155 0.16 0.165 017

name / ref RI6CR2 20 15 10 10 10 10 10 5 s

rumber 13 95 0.210526316 0.368421053| 0.473684] 0.578947| 0.684211] 0.789474] 0894737 0.947363 1
4 0.15 0.13 0.133 0.14 0.145 0.1 0.133 0.16 0.165 0.17

e / rel r3ica 20 15 10 10 10 10 10 s 5

[mamber 14 05 0.210526316 0.368421053] 0.473684] 0.578947! 0.684211] 0.789474| 08947371 0947368 1

data 4 0.15 0.13 0.135 0.14 0.145 0.15 0.155 0.16 0.165 0.17

name / ref R3CR 20 15 10 10 10 10 0 S s

mber 15 95 0.210526318 0.368421053] 0473684| 0.578047] 0.6B4211| 0.780474| 0.894737| 0547368 1
4 0.15 0.1 0.135 Q.14 0.145 0.15 0.155 0.16 0.1 S0.17

name / rel R4IC2 20 18 10 10 10 10 10 S S

number 16 93 0.210526316 0.368421053| 0.473684] 0.578047| 0.684211| 0.739474] 08947371 0947368 1
4 0.15 0.13 0.13 0.14 0.145 0.15 0.155 0.16 0.165 017

name / ref R4AC2 20 13 10 10 10 10 10 E] 5

number 17 93 0.210526316 0.368421053| 0.473634] 0.578947] 0.684211] 0.789474] 0894737) 0947368 1

dets 4 0.15 013 0.13; 0.14 0.145 0.15 0.155 0.16 0.165 ul7

name / ref R45C2 20 15 10 10 10 10 10 B <

[rumber 18 935 0.210526316 0.368421053] 0.473684] 05789471 0684211] O 789474| 08947371 0947368 [
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data 2 Q9 0.03 0.07 .15 |
name / cet R30C24 i
o 19 T
data 2} 0 Q.03 .07 0.15 :
name / ref IR31C24 |
|number 20 |
data 2 [1] 0.03 0.07 0.15
name / ref R32C24
{number 21
data 2 [1] 0.03 0.07 0.15
name / ref R36C24
nmumber 2
dats 2 0 0.03 0.07 0.15
name / ref R37C24
mamber 23
dsta 2 0 0.03 0.07 0.15
name / ref R38C24
number 24
2 [{] +03 0.07 0.15
name / ref R43C24
number 25
datg 2 0 0.03 0.07 0.15
name / ref R44C24
b 26
datg 2 0 0.03 0.07 V.15
name / ref R4SC24
number 27
data 1| 902969 925000 875000
name / ref R3C2?
jnumber 28
data 11 824250 550000 500000
name / ref R9OC27
|number 29
Gan 1] 311754 325000 300000
name / ref R10C27
{number 30
Jata T 902969 923000 375000
name / ref R15C27
{number 31
Jata 1| 824230 "$50000 300000 '
name / ref R16C27 |
number 32 )
data 1] 311754 353000 3
name / ref R17C27
[number 33 |
1 902969 925000 875000 i
name / ref R22C27 |
b 34
dats 1 824250 350000 775000 . ‘
name / ref R23C27 | i
number 35 1 :
data 1 311754 325000 300000
nmme / ref R24C27
number 36
duia 1L 90860 925000 375000
name / ref R8C28
mumber 37
dsia 1] 896762 375000
name / ref R3C31
[mumber 38
s T 81008 300000 323000
naene / tef R9C28
[number 39
daa T 909333 925000 313000 1
name / ref R9C31 i
T 3292 350000 300000 :
name / ref R10C28 !
number 41 T
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daia 1 344147 370000 330000 T
name / ref R10C31 i
fnumber 42 )
data 11 908609 320000 330000 Y -
name / ref RI5C28 I
[number 43 H ;
data 1| 890762 TN 370000
name / ref R15C31

b 44
Tata 1 370088 300000 850000
neoe / ref R16C28

b a5

1] 909335 520000 S
name / ref RI16C31
[number 46
Gita 1 329277 735000
name / ref R17C23
[mumber 47
Sata T 344147 375000 325000
name / ref R17C31
[number 48
data 11 508609 530000 380000 ;
rame / el R22C28 |
{number 49 i
Gata T\ 896762 905000 370000 ’
name / ref R22C31 |
number S0 T
data 1] 870088 500000 340000 .
name / ref R23C28 i
{number 51
data 1] 009335 930000 380000 ’ !
name / ref R23C31 B i
[rumber 52 : :
Guia I 5il 350000 300000 T
name / ref R24C28 |
mumber 53 T
data T 344147 375000 320000 )
e / ret Rz4C31 {
|number 54 -
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MONTE CARLO MACRO

Commssds

comments

Informstion

Monts Cario Macro

vl.0

Dixon Hicks

Naval

[Tussday .1

Command W ndow

=3ET.VAl Fi

wSET.VAI 'arsbles_Known, TRUE)

SETVALUE(Recall_irputF

=SET.VALUE ,TRUE)

=SET.VALUE(Total Obyective.0)

=SET.VALUE(Total_Squared,0)

=DIALOG.BOX(Input_One)

Enter Inidal Dats

={F(B18=FALSE)
= ALERT( oo Cancelled” )

End Sirmulaton by user

= _MESSAGE(FALSE)

= HALTQ

=END.IF()

=[F(Recall_Inpur~TRUE)

Copy Old input Duts

f Avalable

- COPYSA.BSREE%ELREFSOFFSH!ABSREF(KI 1,!SAS1).1,0),/SA$1),'SAS1)-OFFSET(ABSREF(K11,!SA$1),180,11),
= COPY(ABSREF F(OFFSET(ABSREF(K11,!$A$1),0,13).1$A$1),!$AS$1).0! ABSREF(K11,’SA$1),64,13),

= _COPY(ABSREF(RELREF{OFFSET(ABSREF(K!1,'SAS1).0,12),13A51) ISAS1)-OFFSET(ABSREF(K11,!3A51),26,12),

s foa
b 1 L

= GOTO(BIS)

=ENDIFQ

Clesr Vansbies if Firw Run

—iF(Fust TR
- w—%mm i

t

CLEARQ)

=ENDIFQ

=FORMULA.GOTO(Output_Box,1RUE)

=CLEAR(Y)

=VSCROLI(I . TRUE)

=(Upper_Lumt-

=FOR("Count* |

Cower_LivatyNwmber (o Dwplay
= _fo

O.Number_to_Di
M_MC@‘B”).O?EET(O«W_R&CWZ.I »
=NEXTQ

=ACTIVATE PREVQ

[=IF{Vansables_Known GOTO(

slalslelalalsisl sltsl sl
S1tiela slajelRls

-
<~

~|=SET VALUE(Vansble_Count.0) |

Enter Vanable 1

__'=FOR(*Cotnt”,1 Number V

™ |

Vanabie_Count

{=Vanable_Count+1

+—

=|{F(QFFSET(Var_Ref.(Vanable Count*3)-1,1y=** SET VALUE(K42AN/A))

=[F(OFFSET(Var_Ref.(Vansble Count®3)-12)=" SET VALUE(X19,""))
=FORMULA(Vanable_Count.K98)

N EEE RS

=DIALOG BOX(input_Two)

{ritsal input

vy
i

Activate Appropnats
Distnbution Box

={F(Distnbution 3
= lYHWI'(sssso-zoo.sm)

= FO 2331-200 SES31)

@13

= FORMULA(SES33-2003E$53)
~ELSE.IF(D: TypeD

0

= FORMULA(SES3-200,SES3S)

§1

Slaf

= FORMULA(SES36-200.5!
= TORMULAL 3

= PORMULA(3ES60-200,3E$60)

-ENDIE;E - 5

= _FO! E$62-200.3E362)

SES63-2003ES6)

=ELSE | b

3E67 z)
FORMULA(SE67-200.386
ME;))

CIEEEIH

FORMULA($E69-200,3E69)

FORMULA(SE?0-200,3E£70)

FORMULAGSET1-2003E71)

~al ~af

FORMULA($E72-200,SE72)

-y
a|af s

FORMULA(SET3-200.3E73)

FORMULA(SE74-200 SE74)

o] 3

FORMULA(SE?S-200.3E75)
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td
CJ
(s]

Commands

= FORMULA(SE76-200,$E76)
= FORMULAGET7-200,SE77)
= FORMULA(SETS-200,3E78) |
=END.IF{ T
=DIALOG.BOX(Input_Two) Drstnbution [nput
~PORMULA(2]14.$E3350) Deactrvats Distnbution Boxes
=FORMULA(20$ SESS1)
=FORMULA(205,SESS3)
=FORMULA(214 SESS5)
- %20555&59
= SESI8)
=FORMULA(203.SE$60)
=PORMULA(214 $ES62
=FORMULA(20$ $ES63)
«FOR A(203,SESS5)
=FORMULA(214 $E
=FORMULA(209 SEGE)
=PFORMULA(203 $E69)
«FORMULA(203 SE70)
=FORMULA(Z03 SE71)
=FORMULA(205 SE72)
=FORMULA(203.$E73)
~FORMULA(205,SE74)
102/ =FORMULA(205 SE75)
[Y) =FORMULA(203 SE?6)
=FORMULA(203.SE7T)
105§ «FORMULA(208 SE78)
064
[]
5
1094
1

slalslslsteralele] sl=]s] 2lalal slale] efel ;.»l;_1
[
H

=[F(K42>0 SET.VALUE(Vanable_Referwnce,””)) If Vanable Name Criven
Clesr Reference

=FORMULA(Venable_Count, OFFSET(Var_RelV=imuie_own 3),1) Record Vanable Number
=FORMULA(Distnbution_Type,OFFSET(Var_Ref,(Vanable Count®3-2),1)) Record Disthbation Type

=[F(Vanable_Refarence="") Determme Link to Worksheet
14 = FORMULA(INDEX(NAMES(),.Vanable_Neme),OFFSET(Var_Ref.(Vanable_Count*3-1),1))
15 = PORMULA GOTO(GET.CELL(S.OFFSET(Ver_Ref.(Vanable Count®3-i1),1)))

164 = REFTEXT(ACTIVE.CELL(),FALSE)

117 =" FORMULA(B116.0FFSET(Var_Ref,(Vznable Count*3-1
11 = REPLACE(OFFSET(Ver_Ref(Vansble Count*3-1),2).1.FINDC!*,OFFSET(Var_Re/(Venable Count*3-1).2))"")
11 = FORMULA(B118,0 ar_ snable_Count*3-1),2))

12 =ELSEQ

121 = FORMULA(Vanable Refe OFFSET(Var_Ref.(Vensble Count*3-1).2))

[¥31 =END.IFQ

124 ~ABSREF(OFFSET(Var_Ref(Vanable Count®3-1),2),1SA31) Obtam Onpnal Vansble Valos
1 =FORMULA(B124,0FFSET(Var_Ref(Vanable Count*3-2),2)) Record Vensble Value

12 = F(Distrib Type=t Record Distnbation S
1 - mmuwx.uf%?rw-_n-uv-—w_cm;u)) 1o Vanable Box
12 = FORMULA(KSZ.OFFSET(Var_Raf(Venable_Comnt*3)-2.4))
13 =ELSE.IF(Dutnbuton_Type=2)
131 |= FORMULA(KS1,OFFSET(Var Ref,(Vanabie_Count*3)-2.3)) |
2 ;= FORMULA(KS9.OFFSET(Vesr_Ref (Vanable Count™})-2.4)) i
3 |= PORMULA(KS7,0FFSET(Var_Ref(Varubie_Count*})2.5)) :
134 =END IFO ‘

5|

Is

‘= F(Dumb Type=1)
=  FORMULA(K64 OFFSET(Var_Ref.(Vanable Count*3»23))
1) = FORMULA(K66 OFFSET(Var_Ref,(Vanable_Count®3)-2,4))
3 =ELSE IF{Dwtnbuton_Type=4)
i = RORMICAR OF TV Rl Vel Crame s 130
- .01 'ar_Ref,(Venable_Coant*3)-13))
LA(KS1,OFFSET(Var_Ref.(Veriable Comnt®3)-2.4))
OFFSET(Var_Ref,(Varable_Cownt*3)-1,4))
,0 (Ver_Rei.(Veruble_Cownt®3)-2.5))
RMULA(KB4 OFFSET(Var_Ref,(Verable Count®3)}-i,5))
RMULA(KSS OFFSET(Var_Ref(Vansble Count*})-2,6))
O o ‘srable_Count*3)-1,6))
A(KS7,0FFSET(Var_Ref(Vanable Commt*}}2.T))
A(KES.OFFSET(Var_Ref.(Vanable Commt®3)-1.7)
X wr_Ref(Vernbdle Count*I)-1.5))
A(KS0,OFFSET(Var_Ref,(Venable_Coust*3)-1.8))
FORMULA(KI1,OFFSET(Var_Re,(Vansble Count®3)-15)) _
FO A(KI2,0FFSET(Var,_Rel.(Venable Count*3)-19)) ~
= FORMULA(KSS OFFSET(Ver_Ref{Vansbie_Count*3)-1,10))
= FORMULA(KS4,0FFSET(Var_Ref.(Vansble Comnt=3)-1,10))
= FORMULA(K93, OF FSET(Ver_Rel.(Varable_Count*3)-1,11))
[= FORMULA(K96,OF FSET(Var_Ref(Vanable Coant=3)-1,11))
= SUM(OFFSET(Var_Ref.(Vansbie Count®})-1,3) OFFSET(Ver Ref,(Vanable Count*3)-1.11) |
= FORMULA(B137,OFFSET(Var_Ref,(Vansble Count®),2)) i

a3
2

313

-
alafuin

|

agga

td 5
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=
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1A B 1 C
1 [sames Commands {comments
1 )

18 = FORMULA(OFTSET(Var_Ref(Vanable Count*3)13¥B3137 OFFSET(Var_Ref.(Venable_Count=3).3)) ’

[] = OFFSET(Var Ref(Vansble Count®})-1 4yBS187+OFFSET(Var_Ref(Vanable Count®3).3) i

161 = FORMULA(BI60.OFFSET(Vas_Ret.(Vanable Coont*1).4)) |

162 = OFFSET(Var_Ref(Vanable Count=3) I SyBSI3T~OFFSEI(Vas_Rel(Vanable Count*3)4) I

163 =~ FORMULA(B162.0FFSET(Var_Ref.(Vanable_Count*)).5)) |

1 = OFFSET(Var_Ref(Vanable Count®3)-1,6VBSIST+OFFSET(Var_Ref(Vanable Count*3},5) i

165§ = FORMULA(BI64.OFFSET(Var_Ref.(Vanable Count*3),6)) ;

166 = QFFSET(Var_Ref(Vansble Count®3)-1,7VB$157+OFFSET(Var_Ref,(Varuble Count®3),6)

- 16 = PORMULA(B166,0FFSET(Var_Ref(Vanable_Count*3),7))

1 = OFFSET(Ver_Ref(Veruble Coant*))-1,8)/BS$137+OFFSET(Ver_Ref,(Varudie Comut*3),7)

18! =  FO S8,0FFSET(Var Ref,(Vanable Couwnt*3).8))

1 - wr_ _Count*3)-1,5yBS} or_Rel(Veriable Coumt*3).8)

] = FORMULA(B170,0FFSET(Var_Ref.(Varmbie Count®3).9

172 = O - eable_Coamt®3)-1,10)/BS137+OFFSET(Var_Ref(Vensbls Coum™3)9)

1 = T _ X 310

17: = OFFSET(Ver_Ref{Vanable Count*3)-1.11/BS$137+OFFSEI(Ver_Ref.(Vansbie Count*3)10)

1 = FO 174, OFFS| 'ar_Ref (Varudle Coumt*3) 11))

1 -ﬁﬁ.l%

1 =NEXTQ

1

1

1

1811 =ECHO(Screen_Update) L

182! =FOR(*iteratton_Count*,] Number_lterations) {Do Monte Carlo Sunulstion

) = MESSAGE(TRUE Count) _ | Disptay | Number

r = SET.VALUE(Vermble_Count.0)

E = FOR("Count’,1 Number Vermbles) Cail up Each Venable and
186 = SET.VALUE(Venable CountVansble Count+l) | _Calculate a Probabiiines
1 ‘= SET VALUE(Dutnbx Type.OFFSET(Var_Ref(Vansble Count*3-2),1)) ! Value, then Record 10
.g_ = IF(Dy Type=)) — wea
L - RAND() il
[ - OFFSET(Ver_Ref,(Varuble Count®3)-2) L
191 - OFFSET(Var_Ref.(Vansble Count*3)-2,4) :

92| - (B190-8191)"B189+B191 |
[_93 - FORMULA(BI9ZABSREF(OFFSET(Var_Ref(Vanabie Count®3-1).0).'SA$T)) ;
= __ELSE IF(Dutmbubon_Type=2) 7

| O -

964 - OFFSET(Vear_Ref,(Vanable Count*3)-2.3) {

L - OFFSET(Var_Ref (Vanable Count*3)-2,4)

98] - OFFSET(Var_Ref.(Vansble Count*3)-2.5)

199} - (BLoA+(4°BI9TY+BIIRYE

2 - ABS((B196-B198)/6) !

201 - NORMINV(B195,8199,8200) !

102 - FORMULA(B201 ABSREF(OFFSE [{Ver_Ref(Vanable_Comt*3-1)7) 1SAS1)) — 1

03, = ENDIFQ I

= IF(Disnbuton Type=3)

2 - RANDQ

2 - QFFSET(Ver_Ref(Veruble Count®3)-13)

|3 - OFFS! 'ar_Ref(Vanable Count®})-2.4)

2 - NORMINV(B20%,8206.82 :
I FORMULA(B208 ABSREF(OFFSET(Var_Ref(Versble Count™3-1),2),15A81)) T

2108 (= ELSE IF(Distnbution_Type=4) ,

1 - RAND( i

1 - OFFSET(Var Ref(Vanable Count*3-2)3) '

1) - [F(B211>OFFSET(Var_Ref (Vansble Count®3), 4} OFFSET(Var_Ref(Vanable Count*3-2).9).BSUD

14 = 1F(B211>OFFSET(Var_Ref,(Vanable_Count*3),3) OFFSET(Ver_Ref(Vanable Count*3-2),6).85212)

K - IF(B211 >OFFSET(Var_Ref,(Vanable Count®3).6).OFFSET(Var_Ref,(Vanable Count®)-2),"),B8212)

o = TF(B111>OFFSET(Var_Ref.(Vansbie_Count*3),7),0FFSET(Var_Ref.(Verable_Count*3-2).8),85212) i
B 1= F(B211>OFFSET(Var_Ref(Vanable_Count)).8),0F FSET(Var_Ref(Vanable Count®3-2).9),B5212) '

0 IF(B311 >OFFSET(Va_Ref(Vanable Count*1),3),OFFSET(Var_Ref.(Vensble Cown®3-2),10).B3213)
- IF(B21 1 >OFFSET(Var_Ref.(Vanable Count®3),10),OFFSET(Var_Ref (Vanuble Count®3-2)11).88212)
- MAX(B113-B219)
- FORMULA(B220ABSREF(OFFSET(Ver_Ref(Vanable Count®>-1)2)3A81))
= END.IFQ
= NEXTQ
= [F(Otyective Reference="") Lk to Worksh
- FORMULAGNDEX(NAMES(, Objectve_Nmme) A216)
- - REPLACP(A216,1,0,"1")
- FORMULA(B217.A226)
- QET.NAME(A216)
- FORMULA GOTO(GET CELL(3.B229)) _
- REFTEXT(ACTIVE.CELLQ,FALSE)
) - ABSREF(B231,13A81) _
- SET.VALUE(Present_Objective B232) i
- ELSEQ .
- ABSREF{Oby Ref 1SAS1) !
= SET.VALUE(Present_Objective,B233) S
= ENDIFOQ \
Present_Objectivei=  Present Objective Record Othective Value
a = IF(Present Objective<Lower Lumit)
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I A B C
1 joasmes Commands |commesis
1
20 = FORMJLA(OFFSET(Output Ref,2,0)+1 OFFSET(Output_Ref,2,0)
4 = END IFQ
242 = FOR(*Count”.2 Number_to_Display+2)
4| - [F(Present_Obyectve<OFFSET(Output RefCounts1,1)) 1
44 [~ [F(Present_Obyectve>OFFSET(Output_Ref.Count 1)) .
e = FORMULA{OFFSET(Outpt_Re(.Count.0)+ 1 OFFSET{Output_Ret.Count,0) X
46} - END IFQ
471 - END IFQ T
] = NEXI(Q T
14 = [P(Present_Objective>Upper Limt)
=  FORMULA(OFFSET(Output RefNumber to Dispisy+i 0)+ |, OFFSET(Output RefNumber to Dwpisy+2.9))
231 = ENDI'Q
1152
E ‘otal Objectve |= Total Objective+Presemt Obyective Surm Otyecave
2 gl'ad Sqeaed  |= Total Squared+(Presant Objectve~2)
-
2 =NEXTQ
=FOR(*Count® 2 Number _to_Duplay+2) Calculate Reiatrve Frequency
61 w  FORMULA(OFFSET(Output_Ref.Count, O)N [ OFFSET(Output_Ref,.Count 2))
262 ~NEXTQ |
163 |
=FORMULA(OFFSET(Output_Ref,2,2) OFFSET(Output_Ref.2,3)) Caiculate Cumistive Frequen
3 =FORMULA(OFFSET(Output_Ref.2,0).0FFSET(Output_Ref.2,4)) ]
=FOR("Count”.3 Number to_Dusplay+2)
Hi = FORMULA(OFFSET(Output_Ref.Count,2}*OFFSET(Output_Ref.Cownt-1 3),OFFSET(Output_Ref.Count}))
‘= FORMULA(OFFSET(Cutput Ref.Count.0)*OFFSET(Output Ret.Count-i.4).,OFFSET(Qutput_Ref.Count,4))
76 =NEXTQ
T ~FORMULA(Total_Oby Number_| OFFSET(Outpest_Ref2,)) Record Average and Std Dev
272 “SQRT(({(Number_I “Total_Squared)(Total Obyectve2)V(Namber_iterstons’2)) & Mot Likely
73 ~FORMULA(B2?2,OFFSET(Cutput_Ref.2,6Y)
74 T=SET NAME("Freq_Outpur” AC> OFFSET(Outpur_Ref.Number_to_Duplay+2.0))
78 - =MATCHOMAX(Freq_Output).Freq_Output.0)
76  ~FORMULA(OFFSET(Output_Re.B275+1,1),AG6)
77 !
; =FOR(" Count", | Namber V “Retam ¥ ansbies (o Ongmal
= FORMULA(OFFSET(Var_Ref.(Count*3-2),2) ABSREF{OFFSE T(Var_Ref(Count3-1),2), 'SAS1)) Valoe
=NEXTQ i
18 !
18 ~FORMULA(Ovutput_Range K261) Aok to Tranafer Ones
283 <DIALOG BOX(Input_Three)
2844 =[F(B28}=FALSE,GOTO(B288)) !
1 =COPY(AA2.OFFSET{Output_Ref Number_to_Dwplay+3,6) ABSREF(K261,/SAS1)) ;
I
|
2 5 =DIALOG BOX(Input_Four) {Ask to Record Inpet
2 «{F(B288=FALSE.COTO(B294)) M
50) =COPY(N2.OFFSET(Ver_Rel.60*3,1 1) ABSREF(K275.'SAS1))
=COPY(Transfer_| ABSREF(RELREF(OFFSET(ABSREFIKI7$.'SASI).0,12),'SAS1).'SAS1)) .
Z ‘=COPY(Transfer_ZABSREF(RELREF(OFFSET(ABSREF(K27S 'SA$1).0.13),'SA31).'SAS 1) o
93 A
294 =ALERT( Complete”3) Sumulsnon Compiete
55} “=MESSAGE(FALSE,) o
[ - e
9 T=RETURN( - .
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E | F !l B [ 1| J [ T L
1 [DIALOGS | v ! | ‘ 1 j
2 ftype x lv  Jwide  |hich Jiext ~ |inivresult |names
3 Hawok: s | ' | !
4 | | 1522 420 [Objective & Simulation Parameters '
511 414 14 |88 OK ]
6 113 118 First lteration to Clesr Data FALSE 'First_Iteration
7 [13 Varisble Values Previously Entered |TRUE Variables_Known
8 [13 Allow Screen Updating (S.ows Sumu{FALSE Screen_Update
9|13 Rocall Input Dats from Workahoet |FALSE Recall_Input !
10[5 44 80 Input Range
11|10 168 |77 (154 R4Ca2 Input_Range
12|14 19 103 (316 96 Objective Variable
13[5 28 127 Reference
14|10 139 126 |160 Objective_Reference
15[ 33 148 OR
16 |3 30 170 Name
17 |21 1107 [169 [190 108 |NAMES() 1 |Objective_Name
18 }5 130 210 | Number of Variables for Monte Carl | 1
197 1304 1230 96 54 Number Variables
20|14 120 254 483 136  {Simulation Parameters |
215 W 27m ] Number of Iterations . . ......... ! |
2217 326 1272 (160 500 Number lterations
23(5 43 296 | Lower Limit . ................
24 (8 1325 (295 {160 400000 Lower Limit
25{s a2~ 321 Upper Limit. . ...............
268 325 |317 (160 900000 ‘Upper_Limit
2715 41 342 Number of Lines to Display ... . . . .
2817 (325 (340 (160 25 Number to_Display
2915 a2 364 Output Range . . ..............
30]t0 325 364 [160 R4C34 |Output_Range
31f2 414 143 .88 | ‘Cancel !
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H_] t | J K _ L
‘ )
wide high Jtea ivresult |names

35 842 426 Vanabie Entry
36 |1 738 |22 |88 DONE
37 |14 16 40 317 164 Vanable Information
I8 |5 25 64 Reference
39110 136 €3 160 R24C31 Vanable Reference
40 |5 30 85 OR
415 25 107 Name
42 J21 104 {106 |190 108  [NAMES() #N/A Vanable Name
43 |3 25 134 Type of Distribution
44111 1 Distnbution_Type
48 {12 193 132 Uniform
46 |12 Trianguiar
4712 Normal!
48 j12 Table
49 11 40 160 (88 OK
50 [214 16 214|320 90 Uniform Distnbution Information
51 |205 37 243 Low
52 |8 138 243|160 320000
53 |205 37 213 High
5418 138 273|160 375000
551214 17 314 (320 96 Triangular Distnibution Information
56 {205 26 336 Pessimustic
5718 138 334 {160 0.15
58 1205 26 359 Most Likely
59 (8 138 357 160 0.07
60 1205 26 385 Opturustic rL
61 |8 138 {383 (160 0.03
62 [214 355 5 357 84 Normal Dismbution information
63 [205 366 (25 Aversge
64 |8 530 {24 |160 1
65 1205 366 {51 Standard Deviation
66 |3 530 {49 {160 0.5
671214 355 101 469 312 |{Table Distnbution information
68 [205 9 1147 1
69 1205 391 170 2
70 205 391 194 3
71 |205 391 223 4
72 ]208 391 252 5
73 |205 391 275 6
74 |208 9 302 7
75 1205 1391 329 '3 ‘ !
76 [205 1391 357 i 9 i
77 [205 S19 128 Value i
78 [205 1686 122 ¢ Frequency | !
79 |3 460 143160 i 013
80 (3 640 143 .60 20
81 |8 460 170 {160 0.135
82 |8 640 170 {160 15
83 |8 460 195 1160 0.14
8418 640 195 [160 10
[TRE] 460 1221 1160 0.145
86 {8 60 121 &0 10
87 |8 460 [245 [160 0.13
10 640 (245 (160 10
898 a0 (272 [160 0.155
90 {8 640 (272 160 10
91 |8 460 1297 [160 0.16

8 640 297 [160 10
93 |8 460 1322|160 0.165
94 {8 640 [32 [160 5
98 {3 460 351 160 0.17
96 [8 &0 331|160 3
975 26 15 ! Vaniable Number |
o8 |7 09 19 196 ¥ i 38
99 12 738 49 188 Cancel i
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